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; 12 

12,1 3 
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Art, Section 3 
Art, Section 3 
Art, Section 3 
Art, Section 3 
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Art, Section 3 
Art, Section 3 
Art, Section 3 
Art, Section 3 
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fNTROaUCTION .. 



In popular us^^e th^* word,^symmo{ry often carries the implica-"^ 
tion«that a. thing is pleasahtly^roporljioned or well-balanced • 
To mairy<symmetry implies^ a.-type of beauty and perfection. 
In^pr€cise usage, a' symmetric pattern ijs one which remains , 
'^changed under a certain rigid 'motion, Onefcan intuitively 
notice symmetry in many tilings sQch as: / 

butteVflits " . 

leaves - . , ; ^ • . . 

tile floors- • * . ^ ' • " • 

stanzas of poetry »\ / . ^ 

snpwflakes . . ^ 

the arrangenfsrit of seeds i^a sunflower * 
. melodies ' - ^ ^ ^ . - 

* -^rljythms' ^ . ' a , ' " 

the weaving in straw baskets \ . ^ 
^slicQs of citrus^ruits \ - * . " 

mathematical principles * • . ' 

Certgi^in types of symmetry- c^n be given preciserJ3eometric • 
descriptions. Three of the^e types'a£;e emphasized in this 
unit: "^(1) rotationa"! or turning.; ^(2) *tYansLational and repeti- 
tive, (3) bilateral or sym]fnetr>io, about a line, A detailed. dis- 
cussion of theiyi will conclode.thi? commentary. It will be 
Tound that symmetric paherris ar<E^ unchanged by certain . 
motions , / ♦ 



You\need no,t feel that a Complete mastery of the introductory 
^Tiatec^faV is n^go^sary before* you start to teach tho unit. Each 
idea i-s^emonsVeft^d and developed, as the lessons progress, 
^ \his introduction ahtjuld be regarded as a sQurce of information^^ 
to' which to reyfer^for informati|)n during the various studies, , 
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Why Have Symmetry Units in the Primary Grades ? 

* Both the intuitive ideas of symmetry and the precisely defined, 
mathematical id|eas of symmetry were considered in the foliow-' 
ing reasons for having small children "stuc^y symmetry, * 

I • The activities provide practice in a.b^tracting concepts , 
e,g. , seeing that s^eral c|ifferent patterns have the same 
type of symmetry . \ ^ ^ . . , ^ • 

2. The concepts discussed will be used in later topics such 
as geometry, measurement, wave motion, and classifica- 
tion of biological organisms. Symmetry is a toorin under- 

\j ' standing the Wverse, - 

. . \ ■ •■ ■■ 

3. The principles 6^ symmetry are often applied in art, -poetry-, 
and music. Awafeness of these principles heightens appre- 

, ciatioh of the arts a ' - ^ - 

4/ The activities provide percej^tual training for reading" readi- 
ness,. For example, the tracing oi patterns aids perception 
through^muscular activities. Practice ia given in moving 
* from Jeft to right, 

* 5 . The children enjoy the activities* a nd^ the awareness of sym- 
metry that"tl^ey develop. Many natural. and man-made 
shapes *in th^ childr<Sfi's environment have some type of 

SVmmetrv that thov nt^n rc^r^r^nr^^'r^^ 



symmetry that they caYi recognize, 
jdctives 



On completion of the unit the child should: 

L Recognize symmetry in nature, music, poetry, and art, 

/ 2.. Recognize turning symmetry (rotational symmetry), repeat- 
' ing patterns,^(translational symmetry) and symmetry about a 
line (bilateral symmetry), 

3, Be able to make the nqfcessary tests and bomparisons for 
^ the three types of symmetry studied. . " - 



Rotational Symmetry -or Turning Symmetry 

.Consider the letter S. Think of it as a shape that can be 
moved and which leaves its image behind. Can the S be ^ 
moved in a definite way so thgt after it has been moved it will 
coincide with its original .image? 

I . SimrJly picking the S-shape up and laying it back down is. 
. one such operation. This is 'triv^^a•l because it can*be dono 
1 for lany movable object. 



2. I^urning. Jthe S-shape a full turn, i.e\ through 360 ,^is 
another move that will leave the .shape, in coincidence 



withNts [original image. T.his is also tri<yial because it 
can begone for any shape. 



3; Turning the S-shape through^'one half ot a futl\turn,. i.e. , 
through 180^, will also ca^i§e the S to coincide with its 
original shape. . , • 





This third operation ghows that the S-§hape is symmetric* with 
respect to rotetioYi about an axjis perpendicular to the shape 
at the qenter. The shape is said to have rotational symmetry 
or turning symmetry. Note that if the S is flipped over tb the 
position 3 cannot be put into coincidence^ with its original 
^ shape. * V 



Another example of a shape that possesses rotational symmetry 
is a triangular block with equal sides. tAe block outlines in 
Figure 2^may help in visualizing the rotations that leave the 
block in coincidence with its original image • The rotations 
are one- third of a full turn, two-thirds^of a full turn, and the^. 
trivial ones of no turn and of a full turn; rotations of 0^, I 20^, 
240 and 360 leave the pattern of the block unchanged. 




Figure 2 

Note that in considering rdtationarsymmetry of a pattern, only 
rotations about an axis through the center of the pattern are " 
considered • 




'4 

A rotation through any amount less than a full turn that yields 
coincidence with the original position is a test^Jor the .pres- 
ence in a pattern of rotational symmetry or turning symmetry. 
Further examples of simple patterns exhibiting rotational sym- 
metry are stars, squares, ovals, and cii^cles. 




A three-di|Tii^sional^object can*t be tested for rotational sym- 
metry exactly as done above, because a solid object won't co- 
incide with a surface pattern. However a variation of the test 
can easily 'be made. The solid object can be turned and cdm^ 
pared to an exact copy of itself, II, after the object has been 
turned an amount less than 360^, the object and its copy cahnot 
^be distinguished, the object has rotational symmetry. Figure 5 
,^stows a pyramid and a, plate, r^aoh with exact rotational sym- 
*mliry,, and two starfish showing approximate rotational symmetry 

a" slightly different point of view is to consider a rotationally 
symmetric pattern, as one that pan be .generated byrrotating an 
-element of tlxe pattern^ For example^, the shape J/f:^ can be ^ 
generated by rotating the shape 0'" Into- three positions.,,^ 



epeatinq Patterns and Trahslational Symmetry 



Suf)pose a stencil is us^ to make the repeating pattern in the. 
strip design shown in Figure S\ - . .. 



0/ 


.0/ 


o/ 


0/ 


o/' 


0/ 


0/ 


0/ 


0/ 


0/ 


0/ 


0/ 


o7 


0/ 



Figure 6- , > " , 

The dotted lines in the figure show thdt the pattern could be 

continued indefinitely. If tlje pattern is imagined as .being 

infinitely Ibng, it can be picked up, moved' through a certain 
distance, and laid down again to cover the entire original pat- 

~tern-*~Xlie^p^ternj^o^^ then look exactly as it did befqre it 
was moved. This is posslKe'TDee-aT^-fe-an-^i-nfiriite^paJ:^ has 
no beginning and no. ^nd^ but extends infinitely in either direc- 
tion. A mathematiciaa might say that a translation carries the 

.pattern into itself. Because of this, the pattern is s^id to 
possess translatfonal symmetry. , * / 



Repeating patterns are easy .to find. For example, they are 
^ seen in wallpaper /brick walls, and strings of beads. These 
patterns repeat only a finite number of times, but they may be 
thought of as "potentially inlinite.'' This means that the patr- 
' tern can be imagined to extend indefinitely in both directions, . 
Thus the term.^ "trans lational symmetry" is sometimes used, in 
talking about repeating patterns which are finite but car; be 
imagined to extend infinitely. * _ . 

A pattern is a repeating pattern it some part of the pattern- 
(I) can be moved a definite distance along> a line to cover an 
identical part of the same pattern' and (2)^ with a s-uccessibn of 
"sliclT" moves will cover th^e entire pattern .\ As in rotajioric^l sym- 
metry, comparisons are made after so^'me part of the pattern is ^ . 

moved*: This time a part of the pattern is moved .m.equal-sized' 

jumps and compared to other parts of the sVme pattern to deterf 
.T^ine coincidence. The part of tfie pattern t^hat is repeated can . 
be called a "block," a "cell,-" or an ^'element. " . 

In testing the string of beads shown below ior ,a repeating, pat- 
tern, the block to be compared could be OCH^l^. 

ooaQOnooDOOno.onooa. 

The blocjc to be compared could also be chosen asQCDOOCDCIl. 
This would again cOvVer the pattern when repeatedly moved th 
steps along .the string. If the beads are fqrmed ipto a circle, 
they"' will show a rotationally symme^tric pattern. If^actual 
beads were used) instead of a drawing of beads, the compari- 
son block of beatis would of course 'notsbe laid on top of anoth- 
er block. It would, be placed besicle a corresponding block for 
the" comparison. - *. ' 

There are many^ (imperfect) repeating patterns'' to be observed in 
nature.. Two examples are bamboo stems and^caterpiHars . 
Often only. a portion ^Q.f the obj,ect shows the repeating, pattern , . 
as in the caterpillar where the middle. segments are approxi- 
mately of equal size and^sKape' but the two ends are^not. (See 
Figure 7.) « ' " 

The activities ^inJhiS unit will extend the concept of repeating 
patterns to pOetry and music. Repeating, sound patterns are. 
common in both poetry and music. : ' \ 



Bilateral Symtnet ry or Symmetry a'bbiit a Line" or" Plane 

Consider the letter A' in Figure Any line drawn perpendicu 
.lar to the dotted' line in the figure cuts the pattern in pairs of 




Figure 8 



points that are equidistant from the dotted line.. For example, 
, 4he points ^ and--b in Figure 9 are at equal distances from 




. The lottet A is said to exhibit symmetry about a line, or bilat 
oral sym-fnetry . The dotted line is called the line of symmetry' 
or the a-xis of symmetry, ' . ^ ^ 



Any pattern thro ugh which a line can^be dravyn'^^.uch that every 
line perpendicular to this line cuts the pattern into pairs of 
points equidistant ^from the line is said to exhibit symmetry * 
aBou t a lino or b ilateral symmet ry^ - 



.A simpler but le'ss exact statement of this idea is that for every 
point on one side- of the line of symmetry there is a correspond- 
ing point on the. other side. The paired points must be at equal ^ 
distances from the line of symmetry. Figure 10 shows some al- 
most exactly bilaterally symmetric patterns that occur in nature. 
There are tests one can use to determine whether or not a pat- 
^tern possesses bijateral symmetry. Tvvo of these tests are 
described below. - ' ^. " \ \ . 

If a mirror is placed ia a vertical position along ihe dotted line « 
in Figure 8 the pattern vieweQ^ (half of A and its image in the ' 
mirror) coincides, precisely with the^ original letter A. The mir- . 
ror test consists of holding a mirror on the axis of symmetry to 
show that the pattern. can be divided jnto-^two parts identical in 
size, one part being the mirror image of the other.. In any bilat- 
'erally symmetric pattern, :one half of the pattern is the mirror 
image of the other half. This is the reason that bilateral .sym-- ^ 
metry is also referred to as nrrror symmetry. It is interesting^ 
to test some non-symmetric patterns With a mirror. ' ^ 

Bila^rally symmetriq patterns may also be folc^ed along the axis., 
of syinometryjo test for the coincidence of the two halves of the 
pattern . . This^g'ives-i.^nother test / the folding test , for bilateral 
symmetry. " "^^^^'"^^^ ' < " * 



on plane ^^^surfeces and of three-dimensional-objects. Corre-^^ 
sponding/to the line of symmetry of plane patterns , bilaterally 
syn^metric three-dimensional objects have a^ plane" of syrjimetny.^^ 
EveryJin_e^erpendi^^ plane cuts the fjgure in pairs 6.f 

corresponding poiiU^lhat arejafequal^^^ the plane. 

Obviously, a^solid object cannot be folded to test for bilateral 
symmetry. However, a mirror can be placed along-the plane of 
symmetry to show the existence of bilateral symmetry-. T4ie human 
facets an interesting object that has approximate symmetry with 
respect to a pl&ne, Other objects that might be tested are a cone., 
a beetle, and toy figures of peop^le or animals. 

A picture of a three-dimensional object is^, c^f course, a two-di- 
mensional pattern. 'Thus the symmetry of a ,picture of a {hree- 
dimensional object may be tested by either the mirror or folding 
test. Gener ally jLh e ki'hde rgar ten and" first grade activities will 
involve only twb-dimensionaTpatterns of pictures ^ 



There are some 








^ _ _ 
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-KXiVI^.CS Qr„J3.II4TE,RAL-SYM M,ETR\r 



ERIC 



7 



iv Symm.etries 

An object may display more than one of the symmetries^hat have 
been discussed. For example, a^s tar such as the one in Figure I I 

, displays Hoth rotational and bilateral 
• sym^metry-, Notice that eacfrof the five- 
dotted lines is an axis of bilateral sym- 
metry. 




It is not necessary for a child to recog- 
nize more than* one symmetry in an ob- 
ject, but it is important for you to be 
aware ^f the possibility of more than 
Figure 11 that you may guide the chil- 

drea properly. , • ^ 

There are other sym^netries which may be precisely described 
mathematically. You may be interested in noting these, but they, 

• will not be explicitly presented to the children.^ One such sym- 
metry is a translation plus dilation. It is illustrated in /Fig^ure 12' 
by the shells of the^com'mon wentletrap, an auger, and the giant 
conch. Another symmetry.which is a rotation plus dilation i$^ 
illustrated^in Figure 13 by the shells of the chambered nautilus 

^ and the sunburst carrierr, ' . ' ^ ' - 

A* more complicated kind of symmetry ts found in certain two-di-' 
hfejisiona-1 patterns, whicVare called ornamental patterns, .A 
common pattern of this kind is formed by fitting, hexagons tageth- 
,er as .in a hgneycomb or in a tiled floor. Ornamental patterns*^ ? 
are also often seen in brick walls. (See Figure 14.) There'is a J 
precise" mathematical theory underlying the ornamental pattern, 
but it is not necessary to understand this theory to appre^iate^or-* * 
create ornamental' patterns. Extremely intricate and beautiful 
tiled patterns have been produced by artists who instinctively /. 
used the laws of symmetry. The three-dimensional arrangements 
of atoms in a crystal arejelated to ornamental pat|.erns. - 

There are other, patterns possessing symmetries not discussed 
here, * It is hoped that the child will recognize some of them in 
his environment. The child should hot be expected to describe 
precisely what .he sees, but simply Jo be aware of and enjqy the 
'symmetric patterns about him, / • .. ' 



/Gommori Weptletrap 



Auger 



Giant Conch (Cross section) 



TRANSLATION PLUS DrLATION 
* " Figure 12 




SuiSburst darrier 




Chambered Nautilus iCross section) 



ROTATION PLUS DIIATION 

r 

Figure 13 
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^_ ■ Tio. 'M , S-YMMI:TRY IK BRICK AXr3 STOK"i:- ' 

phr.po threr. ph.nogi.iuhs sh.>w s-.j.mc'of lho"":naay 
V iUAf! i..dtt.Qrns u?K^d by architects .'nci buiJpors.' 
. ".b-pvo left --..1 w ,li built witlj pUxin bricks; ""ii>oy^ 
. nglit -- ihc! stonf>-j.ic<! .rn ^f{^co builriiny; ' . 

siviclows c nitrFDlit'-. thfMr syinriLOtry/ t:->r>. 





Nummary 



In summary the tests for rotational^ transl^ational,. a\d bilateral ' 
symmetry are given: - ^ 

; I . Rotational symmetry test; an object rofited about an axis 
and compared with a copy of' the original toject, * T 

2. Repeating pattern testr a portion of a pattern li^j duplicated^ " 
-moved along the •pattern^ and compared Jto parts of the pat- 

tern afe equally spaced locations to determine coincidence, 

3, Bilateral symmetry testr • - / 

_ Z-V: an object compared to the |ialf-ob]QCt, l^alf-image 
^ -pattern'ob'taihed by using a mirror and is* judged for coinci- 
- ; dence. ' " . ' . . ^ 

2-D:' either the above mirror testis used^ or the object is 
folded to test for coincidence ^of the two halves I 

The use of a copy or^ replica of thp object, or part of the dbject^ * 
in the tests eliminates the need for the tester/to. imagine the-ob- 
. ject or part to b^ moyec^ and compardcJ^ You will probably carry 
out the tests mentally, -but five- or six-year-old children may 

some 'children begin to form conclusions. quickly concerniag the 
symmetry of ^ p^r^ticular object, thi3 shoulojagt be di-scouraged* 
~i[f-th^jirare correct, accept them with joy. If they are incorrect, ^ 
a direcTtfe-stfQr^symmetry should be mad^,^ involving the con-' ' 
Crete ^operations.and comparisons necesaary. - * . 



DIFFERENCES BETWEEI^ THE KINDERGARTEN AND FIRST-GRADE SYMMETHY UNITS 

Jtf you look at copies of the 'kindergarten and first-gFade^syminetry 
units you will notice that the first foiir sections ^of each 'CorisiderA ' 
cotatioha'l symmetry, repeating patterrts, b^ilateral symmetry,' "and 
symmetry in- movement, poetry, and music* ^How then do they 
differ? Some of the ways are given, in the following paragraph^. 

An obvious difference* isi*hat the first*^grade unit contains work- 
sheets and an additional section. On rnariy of the worksheets, the 
children are asked, to" dp more precise and .clGcurate work than that , - 
asked of kindergarteners. The additional ^section for first grade * . " . 



n^r ; 



Considers crystals ,ancrornamental patterns. ' » . 
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The first-grade unit considers the three. basic symmetries in more 
depth, More complicated patterns are considered. At the.end of 
Section 3 the first grader is asked to identify symmetries wjien , 
all three type's are present in the same object. 

Althdilgh the major emphasis fs on bbrSrvatlon and description 
in both upits,' the first-grSde. unit iri::ludes some work involving, 
measurement and-genej^lizaaon. The first-grade unitf is more 
(Quantitative, The Ji^ldren are 2.sked questions, such as "How * 
many positions aiC'there where the pattern looks just the* same? 
and "How far ig the star from th'e line of symmetfy? " 



",1 .You will nol:e that- the introductory material in the tw.o units s 

is the sam^, .since both units cover the same subject matter • ^ 

' ' - • ' • . ' ^* • ' - • ' ' 

COl^MENTS ON TfiE TEACHIN^'OF THIS UNlT \ ' • ^ . ^ 

• ' ' * \ ^ * ' > ' 

The lesson^ in this unit a^e usually planned to take one clas^ 
"period. Th^ questiorvs in capital letters that appear in some les- 
soas arktb be considered Si guide to the type of questions you 
will use. 'Feel free .to nriodify themCand anj^ other part of . the unit 
V /to '-suit the needs.pf your own class.. i ^ . * 

:^^ie children should use and understand the concepts of the sym- 
metries cppsidered, but they should not be expected to become 
prq'ficient in ^verbalizing them. They will not always be precise 
indtheir work; ^We hope" that bodi you and your class will relax 
»' an(^ etnjby this unit. ' , 1 

Art Activities • . ' • 

r , / . , 

This unit' contains gia>iy art-^ activitf^s that complement the more 
jJii^fected classrqom experiences^ The child' s creation of his 
' . Qwn de sign s« reinforce his concepts <o"f symrtietry and also devel- 
op ajfi appreciation^ of symmetry. . TheSe design af&tivities are in 
contrast to;the design activities on the worksheets, which usu- 
ally should be constdeted experiences In translation of points " 
on grids rath*er t\i^. creative art/ . ' " ^ 

The choice and timirig o'f the art is generally up to you any tim.e 
aher Jhe appropriate, symmetry has been infro'duced. Provide 
only. necessary directipn'. ^.Considerable originality results 
wh6a children are given latitude in the U5fe of colors and mate- * 
. • rials and free rein to use th6ir. own creative, power^^. 
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SrCTION I 



■ ROTATIONA.L SYMMETRY 



Thisvsectibn develops the concept of rotational symmetry. 
The lessons start -with We mfaaij^aratioa of physical objects, 
.and Jhe creation of rbtationally /symmetric, patterns. The chil- 
dren discover paUerns" that are i^ft unchanged by *the rigid 
motion of "rotation.. they do th^ actiyities of this section, 
they should^gradu'ally a'bstract- the'conq.epts and th? prpper- 
ties of rotatibnally symmetric pa'tterns. 




Snowflake*^ 



Lesson 1;.. TURNING BLOCKS ^ .. , . 

The manipulation of blocks is used in this lesson to introduce 
the concept of rotational symmetry^to those children who have 
not previously encountered it. , For those children who have 
had the MINNEMAST kindergarten program, the lesson will :be 
partly review but will also present the' counting of positions 
of coincidence. ^ , ' ' 

MATERIALS " • , . - " 

- 'I 'pair of triangular Wocks for each child- 

- I pair of square blocks for each child (The blocks in each 
pair should be of the same size, but the different pairs may 

V , be of different sizes/) 

r- rhtjsking tape' ^' ' - 

- asisorted blocks Cor Activity C ^ . \/ 

PROCEDURE. . ' ^ ^• 

Activity A^ ' • ' " ' ^ .-^.t ' > ^ 

Each child should have a matched pair -of triangular blocks artjd 
one of square blocks.^ Qne corner bf one side of each^block . 
•should be niarked with" masking tape. .The tape helps to keep' 
track of tHe position of the bldck an,d also^designates one sur-, 
face of the block as the fi^nt. This is important because, in, 
testing a pattern for rotational symmetry^ the pat'terft must not 
be turned over to bring the back side* up. 

H.ave each chi4d place one of his triangular blocks on top of 
■-, the other with 'the taped corners matching, 

TURN THE TOP BLOCK UNTIl IT FITS THE BOTTOM • ■ 
BLOCK AGAII^. DO 'NOT TURN IT OVER. 



DID YOU TURN THE TOP BLOCK A WHOLE TURN? - 
(No," only part of a turn or No^ only one-third, 
of a turn*) 

TURN THE^TOP BLOCK MORE UNTIL IT AGAIdM.FITS ' 
THE BOTTOM BLOCK. 

HAVE YOU TURNED IT A WHOLE TURN NOW? (No, ^ " ' 
still only part of a turn J- • r "> 

AGAIN TURN THE TOP BLOCK UNTIL THE BLOCKS FIT, 
HAVE YOU TURNED IT A WHOLE TURN NOW? . (Yes J • . 

- HOW DO YOU KNOW? (The, taped corn^.rs' match once 
again; ) " ^ " * 

Exp.lain thpt'whenVe can turn a pattern or an object part y/ay 
around and have it look the same way it did before it>'was 
turned, the pattern or object has turning 'symmetry of rotation 
al symmetry. , 



Activity B 



Repeat Activit?y A "with pairs of square blocks. 



Activity ^ 



The concept of rotational symmetry may be strengthened by . 
consideration of some shapes that are not rotationally sym- 
metric. Pairs of blocks of the following rotationally noh- 
symmetric shapes are often available, or you can prepare 
cardboard shapes. ^ • . 




In each case .have a child see whether he' can rotate the top. 
TDl6ck part of a full turn and have it^tt the one that has not 
been rotated. Since in each case it is hot possible to carry 
■ out the test successfully, the shapes do not possess rota- 
tional symmetry; (If you do hot have pairs of these asyn^et- 
ric^ blocks.,, trace cSround the bloc^ being tested and rotate the 
block against its outline.) 



Lesson 2: ROTATING^TRANSPARENCIES 



Here transparent patterns are used to illustrate rotational sym- 
metry further. The lesson also introduces the idea tha\one 
part of a ro'^'ationally symmetric pattern may be'rotated to gen-- 
erate the entire pattern. 



MATERIALS 



- I blue and I yellow star transparency- * . . 

- I blue star point transparency 

- marker or tape-'' ^ - 

- oVejtiead projector (very desirable, but not necessary) 

- transparent Pattern A, for each child 

- Worksheet I for each child 

PROCEDURE ^ " ; * 



v 



Activity A 



It is assumed that you wil^uae:;an overhead projector. If you 
do not, you can hold the transparencies against a window to « 
be viewed. , ' ' , * 



Praject the blue and therYellow stars separately and then su- 
perimposed. Check to see that the children r-ealize that an 
all-green star ghows the coincidence of the blue and the yel- 
• low star. Rotate the upper star slowly over the^lower star. 
As this is done some yellow, some blue, and some green will 
be s.een. After one fifth of a complete turn, th.e stars will 
again coincide and an all-green star will be seen again. The 
children should understand that this coincidence implies the 
star possesses rotational symmetry. 

IN HOW MANY POSITIONS WILL THE STARS FIT TOGETHER? 
LET US COUNT THEM. T.O HEI^PUS KEEP TRACK OF THE ' 
TURNS WE WILL MARK 'ONE CORNER OF EACH STAR". 

lark the corners, with a marker or tape. Rotate and count. the 
•five positions where the star patterns fit together exactly.' 
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; ^PAGES ei-30 UERE REMOVED FROM , - 
THIS DOCUfiENT PRIOR- TO ITS BEING SUBMITTED TO 
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Another way of viewing a rotationally symmetrip pattern is to . 
notice that .the entire pattern can be generated by turning one 
part of the pattern ,irtto equally spaced successive positions. 
For exam ple^ the star pattern can, be covered -by one point of 
the star rotated into five successive positions/ 



Don't expect the children to express this idea fluently, but 
demonstrate If byvprpjectiilg the yellow star and the blue star 
^ point. , • • ' 

Activity B * ' ^ 

Have the children cut out their transparent copies of Pattern A. 
They need not cut exactly on the dotted circle. Ask them to 
put their patterns on their desk?, look at them carefully, and . 
then turn them one. third of a whole turn. * - 



DOES YOUR PATTERN LOOK JUST AS IT DID BEFORE YOU 
TURNEHlTr lYea^r " " " ^ " - " " -"^ " 



^* yOW CAN YOU TELL FOI? SURE?' (By makiijg some kind 
of record ol^the way'it first looked.) 



Aorksheot 1 
Un^^ 14 



Tell the class that this record has beeri*printed for them on 
Worksheet. I . Suggest that each child fit his transparent 

• pattern over his printed pat- 




tern. He can'then turn the' 
transparent pattern to find the 
positions in which it looks 
just as it did. before it was 
turned. - 

HOW MANY POSITIONS ARE 
THERE IN WHICH THE PAT-^ 
TERN LOOKS JUST THE SAME?- 
(Six.) 



Activity C (Optional) ' - . - . / - 

Dis.Guss tha.iact that-the-w)iole. pattern can* be generated (or 
made) by turning a p*art of the pattern into six different 'p.o¥i- 
tions. . * ; . ^ * 

At the.cpnclusion of this lesson, yoii may" Have the children 
use any of the art activities for this section (pages' 39-50). 



. Xesson 3: FINDING ROTATIONALLY SYMMETRIC OBJECTS 

In^this lesson the children's concepts of rotational symmetry 
will be applied to a wide variety of objects^. Sometimes they 
will test two-dimensional shapes and someTfmes three-dimen- 
sional shapes. They will also test natural objects that have' 
only approJcimate rotational symmetry. ^ 

MATERIALS ^ ' / ' ' • . 

- an assortment o& rotationally. symmetric objects. Some ex- 
amples fire certain flowers (real or artificial) / certain 
shells, an apple or orange cut across, starfish> 'gears, 
wheels,, designs made from Tinkertoys.or other construe- 
tion sets, and cai:dboard shapes (S, H,^/'^), 

• - ♦•an assortm ent o f objects that .ar^„.aol roiationally-symmetr-- - 
ric. Some examples are most leaves, certain flowers > cer- 
tain shells, certain blocks, pencils, designs made from ' 
Tinkertoys or other construction sets, and cardboard shades 

; PROCEDURE . ' 

Activity A , ^ ^ * • , • 

Prepare sa ^sh^Spe table for the class. Place on^the table some 
objects th.Q^ are rotationally symmetric and some that..are pot. 
Some, but not all, of Jthe objects should be in pairs. Other 
rotationally symmetric and non-symmetric objects should be 
placed about the room. Suggestions for the objects are given* 
in the materials- list/ ^ ^ ' • . ^ ^ 

Have the children determine which objects on the shape table 
have rotational symmetry. Although many children will immed- 
iately recognize rojationally symmetric objects, they should' 
be able to test thOTJ^jects if requested to do so^ Discuss 
' with thiem the that the test for rotational symmetry "in a 
solid object is a little different than the test for a flat (plane)' 
pattern. Tor GKample, note the pyramid-shaped block sketched 
on the next page. - ' , - 



It cannot be fitted over another identical block; but ifcan b^ 
placed next to it and compared... After-b"ein$?. rotated one-fourth 
of a full turn, it will look the same as before it was turned. 

When only one ohi<5ct is available, th^ test for rotational sym-^ 
metry is again slightly different. Either the original appear- 
^ ance of the patfern.nHiSt be remembered orit caji be recorded 

- by^a-sketchs -Perhaps -yburo^-a child ebuid trace aroQnd-a st^^^^ 
fish (or other objept) on the 'boards rotate the starfish, and 
corhpare the outlines. The children will nctics that the rota- 

. tional symmetry. of natural objects is usually not exact. 
\- " . 

- After the objects on the shape table have been examined, have 
, the children look,:about the room for other rotationally symmet- 
ric objects. They can also be- asked to think of symmetric ob- 

• . • jeclis they have' se.en in other places. ■ - ^ 

Activity B (Optional) ' " " " . 

Some children majj nbtioe. that although a certain objecFmay 
look the same when rotated a Certain amount, it will look dif- 
. 'ferenf when flipped over. -This may be shown with an S-shape. 
On the other hand,, an H- shape does look the .same when 
. flipped over. ; . - ' 

- This activity should be used here simply to provide additional 
experience in observing patterns'. In Section 3, the effects of 
turning a pattern over will be considered further. 



Lesson 4: KEEF THE SYMlVfETRY / • . ' '< 

'""In this lesson the children are asked to-design^ complete, or 
alter p,atterns as' they wish, subject to -the restriction. that the 
rotational symmetry of the pattern be maintained. This- pro- 
vides further practice ancj also gives you an indication of their 
concepts of this symmetry. jColor is used in some of the pat^ 
terns. ^- i ' ' ' ^ - ^ 

MATERIAIS ^ . . ; . \ 

colored chalk * 
- peg board (optional). 

. ^ - construction sets such as Tinkertoys (optional) 

-Worksheets 2 and 3 - ' - - ^ 

PROCEDURE" 

Activity A > • ' " ' 

With white chalk draw a pattern on th^ bbard such as this: 



IS THE PA^TTERN ROTATIpNALLY SYMMETRIC? (No.) 

CAN SOMEON-E MAKE IT ROTATIONALLY SYMMETRIC? 
(Yes.), ^ ^ 

Have a volunteer do 




CAN SOMEONE ADD SOME MORXraPfS TO THE PAT- 
' ■TERN?"- (Yes:..) . ' 

Have the chiliSren do so. 



Draw another incomplete* pattern- with^^-colored tohVlk. Again ^ 
have volunteers complete andv^ejaborate the pattern. A possi- 
bility would be:* ^ • ^ • - 

• t = red o 




= blue 



v:3 



Have the children continue this activity as a- game. They can 
play in pairs or small groups, taking turns in adding elements 
to the designs. They may 'play on the chalkboard or on- paper> 
using colors. The "keep the^symmetry" rule should be very ' 
clear to the players. • . 

Sample pafterns With different degree^ of complexity are 
'.shown below. " . " 



A 







The activity x^^y go on, as long as the children can fin^d^ele- 
ments they wish to add, or you may set a timeJimit op'^it. 

Activity B (Optional)' ^ . . 

A-pair of children may play a game very sinnilar to that dis- 
cussed in Activity A by -making patterns on a pegboard or with 
. a construction set such as Tinkertoys.^ 



AQtivity C 



TJie plass should now be-read^>«5igolor the {patterns on Work- 



sheets 2 and/3,^ Again the.^'keep tE^ symmetry" rule should" 
be explained, but .do not insist on complete. accur^y, . Most 
children 'should be able to color the patterns .with fre^eUom and 
imagination, tHowevef, if a child seems unable\to get starte'd, 
you could suggest a simple alternation of two colors'; • 

Children enjoy seeihg the^colored^ rotationally-symmetric pat- 
ti3rns;forme(| in kaleidoscopes. . . 
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ART ACTIVITIES F,OR SECTION I: ROTATIONAL SYMMETRY 

" • A number of; art activities are suggested here. Any selection 
of thQjft mayTDe used to provide review arid extension of thjg 
ideas 6f rotatibnaf symnietry, Thfese ^rt activities, as Well 
as those in other sections, can usually be modified rather 
easily and used again for other type*s of symme\ry* 

Two toys that mechanize the drawing of geometric pattern's, 
most of which are rotationally' symmetric; are listed below, 
' A large variety of patterns may be producecl fairly easily* A 
ball-point pen usually gives better results' with these toys 
, ethan 3oes a pencih . * 

ft. ' 
Ivlagic' Designer 8245 {(L^kesid^ Toys, Division of Lake^ 

s"ide In.dustries*, Minneapolis, Mi^n;, $4.95) 

Spirograok No.. 401 (Kenrier Products Co''., Cincinnati, 
Ohio, $3*!^8) .■ . ■ / 




Activity A:-' -Design Silhouette ' 



Fold a sheet of typing paper into quarters. 



fold 



r 



2. Fold again along the diagonal. 



fold 



3. Cut as shown to. form a^ square. 





cut 



4. Cut outd^sign from foldgd^p^per.. ,(lf you Wish, you 



,c3P9^^y drciw a design 'before 'cutting.)- 




cut 



' 5 . Unfold design and paste on. black c^hstruction paper. 




Activity B: Rosettes 
^ 



L Cut a sheet of onianskin paper to measure 6" x 11". . -^"^ 

2, Fold pleats, into the 'paper across the narrower dimension* 
The, pleats should be about ^ to I" apart./' Roll a pen- 
. cil over the pjeated paper to insure deeply/creased pleats. 



3. Fold pleated'paper in half to creas.e. , 




4. Bind at creased 'center with white thread, and knot. 




5. Fan ends oiit and paste edges together to make'^full 
circle. 



Paste 




Paste 



6. These rosette?3 ^rhake nice cjassrbdm decc^ratioris* 
Attach a thread to the top of each design and* hang 
it from 'a string stretched across the classroom. 



V^ctivity G-:. Papdr Fldvvers 



j !• Fold colored construction-paper in half ^Qngthwise. 



j 

/ ♦ 2.. Crease paper about P' from top, 



crease 



3. Mark off every i " along the length ck the fold. 



■ I 1 t I .1 » 1 r t * 1 I I . I 



4; Cut at ^ " mark's as far as the crease.' Do not cut to edge 



5. Overlap uncut edg'^s and paste together. 

,<r — paste , 





6. Loop around and past6 ends together. . 



7. Attach a thread to top of.design .and hang hbm a string 
running from one end .of the classroom to the .other. 
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D: Stars 

.ft ■ 

Cut out squares on heavy lines*. ' 

Iff 

Fpld on dotted lines as indicated • Fold forward on 
a' and fold back on b . 

Paste cprner flaps of 2 squares together as shown 
in illustration. 

Continue pasting one square to the next; the last square 
is to be pasted to the first one. - • 





F^: — 



- \ 
/ \ 



\ 



\ 



\ 



A 



\ • 

X \ 



\ 



\ 



Two pages of these patterns for Activity D are provided foj:_each child in th4 student manual. 
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Acti'vityE: Lanterns ' 



1 . Paste 2 sheets of onionskin* together at the narrow end 
- to make a strip about 8| X 22. 



2. 



Pleat the- strip of cffuon skin across the narrower 
dimension. AllowJ/2" to I " ior each pleat. Roll 
pencil over pleated paper to insure deeply creased 
pleats. 



3. Unfold th^e .pleated paper. '^Id across the length and 
creas'e again. • /%> — ■■■ ' ■ ->\ 




-J 



4. Unfold creased paper.. Bring "the narrower ends together, 
and paste tp form a tube. Onion skin papf^ holds the.- ^ 
crease so well that the edges will pleat together and 
the middle will bulge to make a lantern shape. • 



paste 



5. Cut a strip of paper and attach to top of lantern for the ' 
ha/iS"le . 
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Activity F:- Loop.-de-doos ' ' . 

I. Cut strip's of colored construction paper into 1/2" 
3/4" and r"-w,idths. 



2. Make loops of different sizes. 




3 . Arrange loops in rotationally symmetric patterns on 
construction paper, using aLl-purpQse glue. 
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Activity G: Party Decorations 

^ * * 

1 .. "Cut out a four-sided paper design following the directions 
in Activity A. . ■ " ' • 



2. Paste A to A, B to B, etc. This will bring the tour 
corners into a cluster. 
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•AGtivity H; . 4rPocket Baskets . , ' *^ * j 

1 . Eegin with a 9" x 9'' square sheet of construction paper.- 

2. Fold the paper along the diagonals and then-open flat. - - 

3. Then fold in half, both ways, and open flat. 



\ I / 



4. Fold cbrners to the center. 




5. Turn folded square over. Workirfg from the bock, fold 
new corners to the center again. 



V 









6, This forms ^pockets into vyhich fingers of left hand can be 
slipped. With right hand, push from behind, to make a 
peak in the center. 



7, Painf a rotationally symmetric design on the flaps. 
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Activity I; Baskets 

L Fold a sheet.of con^struction paper in half. 




2. Fold the sheet in half again, tfius making a crease. 



3. Open the second -fold and-make a tab by cutting from th'e 
centerfold to ther crease as shown in the 'diagram. 




cut 



4. Cut from centerfold into crease, making strips 1/2-3/4"' 
wide • " . " ' 



■?5. Paste the tab end to the other end, making a cylinder. 



tERiC 



paste 




paste 
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6, Bend the petals down and open them. 

7, Glue a colored cupcake paper to the inside of the 

baskel;'"..^.. - ^ \. 

8, Paste a paper handle to the inside of the basket. 




Variation > ' < , . . 

.The children may wish to fringe the ends of the petal 



SECTION 2 



REPEATING PATTERNS AND TRANSLATIONAL SYMMETRY 



In thi>.^ection the class studies repeating patterns. If the 
xepe.atingxpatterns are imagine^^§^finitely long, they will 
be translatlo^ally symmetric. The conoept of translational 
symmetry, vvhiteh is discus.sed in theantroductory part of - 
the unit, is treated in ^Lesson 8. However, it is designated^* 
as optional, for it may , be too-abstract for some first-grade* 
children," _ * . 

The activities in the section provide for the creation of many 
repeating designs by the children. Whenever possible, ^he ^ 
lessons are based on real objects ^nd concrete operations. 
Both man-made exact repeating patterns ^fid a'pproximate re- 
peating patterns from nature- are used ai? illustrations for les- 
son, ideas, - 




Cucullia verba sci Caterpillar 



Lesson Si' TRANSt^ARENT REPEATING PATTERNS 

This lesson introduces the idea, that^a 'repeating pattern is a 
.pattern that can be generate'd'ljy'^one part of the patt-ern being* 
re{)eated at equal- distances along a. ^tpight line. 

MATERIALS • ' ' 

- one strip transparency of dogs (blue) 
' - .one'do^j'transparency (yellow) 

- sailboat tranjjparency (Pattern B) for each ghild 

- Worksheet {I- for each child * * 

, \ - .overhead projector (desirable, 'but not required) 

PROCEDURE. ' , . ' * ■ ^ ^ * " 

Activity A . ' * - 

Again it^is assuijjjed that you will have an overhead projector 
available. Although it is more effective-to project the* trans- 
parencies, they may be viewed against a window/ 



t^roject the transparent yellow dog pattern anti the blu« dog 
strip pattern separately. Next project the transparenci^^s to- 
gether with the single figure on top. Bring the. single dog Into 
' - coincidence with the. first'dog .in the strip. The first square > 
will now"" appea^ green and the dog. figures will fit Exactly. 
Qontinue moving the single figure until eacK figuretan the 
strip has been exactly covered. This will demonstrate that 
the dog-figures'in the strip are all identical' . . 

'xALL THE PARTS OF THIS DESIGN AftE TOCTLY THE SAME. 
ALL TPIE PARTS ARE EXACTLY^THE SAME DISTAN.CE APART. 
THE DESIGN IS A REPEATING PATtERN . 

Activity B " • > . 

Have the children examine the sadllDoat pattern on Worksheet 4. 

; ARE ALL THE SAILBOATS EXACTLY ALIKl;? (Yes.)' 



HOW CAN YOU TELL* FOR SURE? v(By using a copy 
of one of the sailboats for comparison.) 



Wherin the, children .understand the meaning of tbe answS> to thq. 
last question. (aitnough thes]p exact words* certainly need not - 
be used), tell the children that yoii have a copy 6f the sail- 
'boat pa-ttern for the\ 



Each^ child should have a tr^^nsparent copy of the sailboat 
(Pattern .B). Give them time to experiment with the transpar- 
ent pattern and^ Worksheet 4/ Let them find that all the sail- 
boat designs, are identical.^ jfien-ask .questions to lead to the 
idea that all the points 9^1 .the first sailboat design are moved 
thS- same distance to*match the corfesponding point's oh the 
second design, ail the points on the second design are moved 
the same distance to match th6 corresi.poncling* points on the 
third design, etc. Some appropriate queaiions follow: 




HOW MAm SQUARESaS IT^FROM ^ 
XHE TOP OF THE FIRST SAIL TO \ 
THE TOP OF THE SECOND SAIL? ^ 
(Five squares.) ^ ^ • ' 

'how many SQUARES' IS-'IT FROM 

tHe'top of the second sail " ° 
•to the top of the third sail? 

(Five squares.) • 

HOW MAN\( SQUARES is'lT FROM 
THE TOP OFTHE THIRD SAIL TO 
THE TOP OF IHE FOURTH SAIL? . 
(Five squares.) ^ - \ ' 

HOW PAR IS IT FROM JS^E i'RQNT , 
OF THE FIRST BOAT TO THE FRONT. 
O'F THE S.E,C.ONP''B"OAT? (FiiVe 
squares.) ^ . ' ' 

» ! 



After this lesson, any of, the art activities ior this sectioq ,^ 
may be used'. - " 



Note:' Worksheet 4 will be used ^gain in Lesson 7. 



Lesson. 6.; REPEATING PATTERN GAMES 



In the games and activities suggested here, the children cre- 
ate designs with various materials\ The only restriction |s 
that all the designs should show a\epeating pattern. Some 
designs will be altered according toVules that preserve the' 
repeatiag property of the desigp. Thi^ changing of one design 
to another.in a definite way is la forerunner of thevmathemati-^ 



' cal idea of transformation. . 
I^ATERIALS 



\ 



Ppssible materials from which repeating pai|terns may be^ made 

— - colored chalk 

- » - flannel board with several sets of shapds' 

- property blocks ; 

— pegboards with pe'gL ^ ' . - 

PROCEDURE • • ' 

Activity A * ... . \ (' 

The rules 'for three games are outlined' here. They may be var- 
ied in many ways. The designs may be "drawn or assembled 
from objects similar to those in the materials list. The games 
may be played by the class a^ a; whoia^^by teams, or bypart- 
' ners. The childreo-mByTnyent s'cofing rules. 

Go on with the Pattern ; One player begins a pattern. Succes- 
sive players add tc it, producing a rep^atfed pattern. A rule. , 
can limit' the number of elements- each player adds;, e.g. , the 
starting player can use four eleniehts in his part and each suc- 
cessive player can* add one or tvyo elements . An example of a ^ 
. sequence of play is: - * . / - 

' Av • Av ; • : ' 

^Av#Av#A / •" ;' ■ ' 
. Av.Av.Avi 

. ■ / - . / 

y 



- V 



Add to. the Pattern;. COne player creates a repeating, pattern. 
The next player/cTdds to the pattern being sure- to maintain Ihe 
repeating pVaperty, An example of a sequence of play is: 



1st Player, 
2nd player 
3rd P/layer 



IviakeJt. Repeat ; One player (either the teacher or a skilled 
child) makes a pattern, that isn-*t exactly repeating. Another 
player/completes it so that each, portion of the design is re- 
peater. An example of a seauence of play is; 
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Activity B 



H^re the children transform one repeating pattern Into another 
b^. a specific procedure. The activity provides background • 
for the mathematical concept of transformation or mapping, 
which will be developed in later grades, 

■/ ■ ■ ■ ' ' ' • ' 

Suppose a group of children has made the followdhg pattern 
Ifrom property blocks* \ * 





v. 



® 




letters oft the blocks indicate the color., Coloring th^ 
wings may make the pattern oleare.r.) 

tET'S CHANGE THIS PATTERN BY FOLLOWII^G A RULE. 
THE, RULE WILL BE TO CHANGE ALL THE BIG BLOCKS 
TO SMALL BLOCKS AND THE SMALL BLOCKS; TO BIG 
BLOCKS. (Large <-> Small.) 

■ 56 . " 
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After the change /'the pattern will look like this: 



A ® 



® 



IS THE NEW DESIGN A REPEATING PATTERN? (Yes J 

NOW YOU MAKE UP A RULE AND CHANGE THIS' PATTERN. 

This activity may .alsb be varied. It is good'to leave the ori- 
ginal design undisturbed and construct the transformed design 
below it. The rules used may be very simple (such as 
thick thin) or quite complicated {Q^-^Qand red-^ yel- 
low-:^ blue -^►green-^ red); . Although property b^^cks are 
especially suited for this work, other materials may be used 
for the designs. In all cases the transformed design will re- 
tain the repeating property, 
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j:4sson'7; REPEATING PAa:TERNS ON GRIDS 

The worksheets- that constitute this lesson give the children . 
practice in drawing- repeating patterns^ "These design activi-^ 
- ties are considered *M^,s as creative art than as exercises in. 
translation of sets of points on grids. . ^ 

MATERIALS . * . ' • 

'-^ Worksheets 4/'3';'and 6 

PROCEDURE- . ■ - . 

Ask the Glass to complete the pictures on Worksheet 5. so that 
the^'picture in the first cell is exactly repeated. Questior\s 
such as those below rtiay help the children see that correspond 
ing distances remain the same throughout an entire repeating 
pattern. \ ' ^ - 

HOW" MANY SQUARES HIGH IS THE HOUSE TO TflE TOP 
OFTHEItOOF?, (Six squares.) 

THE SECOND HOUSE? (Six squares.) \ 

THE THIRD HqUSE ? (Six squares . ) 

HOW FAR IS IT BETWEEN' THE DOORKNOB ON THE FIRST " 
HOUSE AND THE DOORKNOB ON THE SECOND HOUSE? 
(Five squares.) i " 

BETWEEN THE DOORKNOBS ON THE SECOND AND 'THIRD 
HOUSES? (Five- squares.) ^ " ' . ' 

Have the children draw their own designs on the blank' strijD on 
V/orksheet 4 , which was first'iised in Lessori 5., By watching 
them work you will see which children need help in^drawing 
• ^ ' and spacing . • . 

Ask the children to color the strip patterns on Worksheet 6 so 
that each strip has a- repeating pattern. 




59 \ 

» 

ERIC 



LessbiY8: TRANSLATION' 



the first activity of this lesson shows that a .strip pattern can 
be generated by translating a part of the pattern in uniform 
steps along a straight^line. In. the optional seconcl activity 
the concept of translatioTial symmetry is introduced. ^ 



MATERIALS • 

- Worksheet 7 



PROCEDURE 



Aorksheet 7 
Onlt 14 




Activity'A 



Worksheet 7 has three identical strip patterns, e^ch having an 
■ elemental design repeated six times. Ask the children to color 
lightly the firsf-^quare in the first strip. 




Bring oufthe idea. that the pattern of the who-l-e strip, can be 
made by repeating the design, on the .colored square six times. 
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Next have the children color the first two squares in th^, sec- 
ond strip., 




This time they should note that the pattern of the wjjpie 
dan be made by repeating the colored design " ' 




mes. 



Finally have the- first three squ^ipe^'^ the third strip colored. 



his should help show that the pattern of the whole strip can 
made by repeating the colored design t^o times, 

WE CAN CHOOSE DIFFERENT PARTS OF THE PATTERN TO 
REPEAT OVjER AND OVER TO GET THE WHOLE PATTERN, 
BUT USUALLY WE CHOOSE THE SMALLEST POSSIBLE PART 
AND TALK ABOUT REPEATING IT. 

Activity B (Optional) 

If you feel your 'class is able to comprehend the following 
■^material, use it/ It'is the introduction to translational sym-- 
metry and its connection with repeating patterns. - 
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Place a simple repeating pattern on the\chc?lkboard. Ask for 
successive volunteers to extend the pattern across the entire 
boajrd." -A^ossible^ design- would be: 



-cx:> cr^ cj::> ckix^c^ 



IF THE CHALKBOARD WENT STRAIGHT ON AND ON, 
COULD WE MAKE THE PATTERN AS LON*G AS WE 
WISHED? (Ye§^.) , " \ 



PRETEND THE PATTERN GDES ON FOREVER IN BOTH DIREC- 
TIONS. THEN WE WOULD SAY IT IS INFINITELY LONG. 
PRETEND YOU PICK UP -THE WHOLE PATTERN, MOVE IT 
ONE DESIGN OVER,. AND PUT' IT DOWN. \wiLL THE PAT- 
TERN N'OW LOOK ANY DIFFERENT? (No")\ . ■ 

BEpAUSE THE PATTERN LOOKff THE SAME ^FTER IT 

IS MOVED ALONG A LINE, IT HAS A-SPECI/^L KIND 

OF SYMMETRY CALLED TRANSLATIONAL-'SY-r^METRY . " . 

"TRANSLATE" IN THIS-CASrSlMPLY- MEANS '^TO MOVE , 

FROM ONE. PLACE ON THE LINE TO ANOTHER. 



A discussion can bring out the idea that if a repeating pattern 
is imagined to be infinitely long, it can be thou.^ght of as havr 
ing trans'lational symmetry. . V • 
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Lesson 9; FINDING REPEATING PATT ERNS 

Here the children look for repeating pattern-s in a specially pre 
pared classroom. They have opportunities to discuss approxi- 
mate, finite, -and infinite repeating patterns. 

MATERIALS ' 

- an assortment of objects, pictures, and designs. exhibiting 
repeating patterns. Some examples are a caterpillar, a 

^ compound leaf, animal tracks, a fence, a chain- (metai or 
paper), a piano keyboard, a strip ofl^ce, a dress border, 
a necklace of coloiped beads, a wallpaper border, and a 
set of books, ' . ' ' 

- ah a ssortmerrt"^of objects, pictures, and designs that ha ve~^ 
several pa^ts'^Jaat do not repeat exactly^ Some examples 
are a pag^r chaiiTwith randomly colored linksf^a -set of 
non-matching books, and a strip design you have made 

for this lesson. ' . 

PROCEDURE / * ' 

Place on the shape table, bulletin board, and around the room 
some objects, pictured, and designs" that exhibit repeating pat- 
terns and some that da not, .as suggested in the materials list. 
Any completed art projects for this section can also be dis- 
played; . - . 

Ask the children to find, examples of repeating patterns in the 
room. A child who finds one should see that one part of the 
pattern is repeated at equal intervals along a straight line". 
YOU' might help hihi express his ideas by asking questions sim^ 
ilar to "Are all'the flowers in this border alike? and *'How . 
many beads 'are between each red bead and the next red bead? 

In many natural objects only part of the pattern repeats. For 
^ example, the ends of a qaterpillar must be, excluded if it is to 
*'be cor^sidered to have a repeating pattern.; The children may ^ 

be interested in patterns that repeat only approximately. ' 

If you discussed infinite patterns and translational symmetry 
in Less0n 7, you may wish to consider the concepts again here. 
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ART ACTIVITIES FOR SEiCTION 2; REPEATED PATTERNS . 

The i^eas^of repeated pattern are used in the art activities 
described here. Any of the activities may be used any time 
after Lesion -^^-has-beenTi^resented , 



V 



Activity A: .Place Mats 



Fold a sheet or 12" x 18'' construction paper\n half. Cut^ 
from folded edge to, I " from outer edge.^ 




2. Unfold. You will have a sheet with parallel slit^ that dp 
not touch the' edge of the paper/ • 




3. Cut constructlbn paper of another color into I " strips. 
Weave these through the Slit sheet you have prepared. 



\. Fold paper into 2" pleats«> 




2. Cut notcies of different^ shapes in the folded edges. 




3, Unfold ar d paste on" colored , construction paper. 
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Activity'C: Rr lnt'-Making • . ■ ' 

... . .■ ■"• ■ ' . ^ ' . _ . , 

Any' of. the methods described below may be used for - ^ 
■printing 're[)eateid patterns. Tem[?era may.be brushed oii-,' 
to the printing surface, or water-base printer's ink may 
be rolled on w.it;h a br.ayer.s If' you u'se'a brayer, squeeze' 
a Scinch ribbon of jsaint on a ,piece-pf glass and foil the ' 
. brayer back and forth over it-.iiritil it sounds ffticky^ Then' ' 
roll the brayer oyer the printing surface".- ' ..' 

• . I ^ * . , 

Newsprint or constructio.ii papx^r are best for printing ,, since 
they are more absorbeafthan^ cither pdp'ei 



String Prints 



■7 \ • ; 



Wind a string around-a pi6ce of wood'; Ink one side. Press 
inked string on newsprint to make a reije^ted pattern . ^ 



Sponq'e" Prints 




\ 



* Ink a piece of sponge. Press, the spbiig^ on^eWsprint i: ^ 
repeatedly . ' * , , A;^- x ^ ■ ^ | " \ \* 

? ^ ^ V ■ 



* Soap-Ergser Prints 



Cut a design into one surface of a soap-eraser, Jnk it, 
and print. . ' * \ • 




Gadqc?): Prints . 



'"Ink^ kitchen gadgets such a 5 ^ ^tato masher, fork, 'bottle 
^^cap, to .make prints^. 
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Potato Prints > 



4 



Cut a potato i*n half. Have the children scratch a design 
on the cut' surface with a po^'rtted pencil or ah orangewood 
stick'. Water color or tempepa. should .applied to the • 
potato surface with a brush,, rather lightly ,*,because the • ^ 
potato,'pr^vides a good de^l (3f moisture for the.prir^ng. 
Press the potato firmly on the paper • . , 



Activity D: Loop-de-doos 

Make ioop-de-c^ocfs of various sizes (see p,46) and glue... 
. them on construction paper in .a repeating pattern. 




Activity Ei\^ Seed Designs 



/ 



Use a v/hite, all-purpose adhesive' such as Elmer's glue to « 
paste popcorn kernels, pumpkin or sunflbwer^seeds, or spli.t 
peas on tagboard to make repeating patterns, ^hese may be 
strip patterns or, for the more a^nbitious child, may cover the 
whole piece of tegboard. ' * " . ^ ^ 
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Acti(^ity F: Patterns ,Using. Stencils i 

Gut out a design from the center of a 3" x 5" white index 
card. This design. should not be symmetric, Ary unusual 
hole or odd shape will do. (If a child cuts through the 
boyndaries of the card, place a piece of tape over cut.) 




2, ^Place card on, construction paper. Use it/ as a-stencil, 
rubbing crayon oyer design to produce injage. 




rubbing. TheV 
the pattern ov 



3. Show the children how to flip the stencil and repeat the 



can make a repeated Pattern by flipping 
r and over in a straight line. 
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SECTION 3 



BILATERAL SYMMETRY 



The lessons in this section of Unit 14 develop the coneepit that 
bilaterally symmetric patterns are those, that are unchanged by 
reflection about an axis or line of symmetry. If is shown 'that 
a bilaterally symmetric pattern is made of pairs of corresfjond- 
ing points which are equidistant from the line of symmetry^: 
Bilateral symmetry is sometimes called folding or mirror sym- 
metry because two tests for It use -folding and mirror images* 

As in an pafts of the unit', the children's understanding of the 
concepts will come In large part from" observation and manii)u- 
latio^n tff objects and from art activities. There will be some\ 
^^pBtterns and objects, in this section that possess both bilat- " 
eral and rotational symmetry. You may or may not choose to 
discuss this with your class. Always be clear about the type 
of sym^metry you are considering, at the time,. 
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Les'sqn 10: INTRODUCING BILATERAL SYMMETRY 

"^is first lesson of Section 3 introduces the concept of bilat- 
eral symmetry. It also demonstrates the fact that half of a 
bilaterally symmetric pattern may be reflected to generate the 
entire pattern. ' : - - - 

MATERIALS '. ' . " • ' •. - " 

— transparent yellow butterfly \ 

— 1;i:"3nsparent blue half-butterfly 

— overhead projector (desirable^ bii^ 

— transparent Pattern C for each child ' 

PROCEDURE 



j: not required) 



Activity A 



As in earlier lessons where transparent figures are used, it is 
possible to view the transparencies against.a window if an 
overhead projector is hot available. 

Project the yellow butterfly. 

DO THE TWO SIDES OP^THE BUTTERFLY LOOK. ALIKE 
IN SOME WAYS? (Yes J ' ^ 

Any reasonable response is acceptable, ^e.g. , the two wings * 
are the same size. 

ARE THE TWO SIDES OF THE BUTTERFLY EXACTLY ALIKE? 

There mayT^e either yes or no answers from the .children; Have 
them wait until after the next part o'f the demonstration to decide 
which answer is correct. . 

Project the blue half-butterfly beside the whole butterfly^. Sug- 
gest that it can h,e used to compare the two halves of the yellbw'^ 
butterfly. Move the blue figure. until it coincides with one side 
of tfte .whole butterfly. That side will now look green. 
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IS THE BLUE HALF-BUTTERFLY AN -EXACT COPY OF 
ONE-HALF OF THE YELLOW BUTTERFLY? ^Yes.) 

HOW^CAITYOU TELL? (The edges and spptsTn'atch., 
half of the butterfly is green now, or similar obser- 
vations,) 

Slide the. blue half- figure to the other side of the whole figure 

DOES THE BLUE HALF-BUTTERFLY EXACTLY FIT ON THIS 
HALF OF THE YELLOW BUTTERFLY? (No J ^ 

HOW CAN I MAKE IT Flt?^ (Turn it over.) 

Turn the half-figure over; making the motion clear to th^ 
cla'ss. r ■ . ... 

DOES THE BLUE HALF-BUTTERFLY EXACTLY FIT OVER 
T-HIS HALF OF THE YELLOW BUTTERFLY NOW? \{Yes.) 

Explain that this demonstration shows tha't the two halves of 
the yellow butterfly would fit exactly if one of them were 
folded over the other. 

Activity B ' 



Have each child place Ms hands oh his desk with the palms 
down and the thumbs just touching. 




.Z2 



Ask each child to fold his palms together. 
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DO YOUR- HANDS FIT TOGETHER EXACTLY? (Yes.) . / . 



Explfiin that th e w . ay the fin ger s mat ctufldiaiLjhe hands are put 
toge.ther^pws-that the parts of the hands are alike but are 
'arrBngej3n-opposite order. Tell the clas^ th^at both the butter- 
fly and their hands have a special kind of syminetry called 
bilateral symmetry . 



Activity G 




^g^^feeJreiTchild cut his Pattern C along the center line. 
* Te ^afl tji^en^ experiment with the two parts as he wishes. 





Lesson II: FOLDING PATTERNS 



This lesson continues the development of the folding, test for 
-bilateral symmetry. The investigations of the properties of bi- 
laterally symmetric patterns afe continued. 

MATERIALS ' ' ' ... 

- Worksheets 8 , 9 , 10 and II ' ^ 



rOCEDURE 
Activity A 



Have each child fold his copy of Worksheet 8 along the dotted 
line. Because this^fold must be made rather accurately, you 
may n^ed to help some children. After the class has had time 
to see the way the two sides of the leaf pattern fit exactly 
when folded, you rhay tell them that this is true of all .bilater-^ 
ally symmetric patterns. Thus a folding test can show whether 
'or not a- pattern has bilateral symmetry. 



Activity B 
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Suggest^that each child fold 
Worksheet 8 (which is printed 
on tracing-paper) alor\g the- 
line of syihmetry of the. bug,., 
trace the half bug,' ajid open 
the paper, • ' * - 

WHAT DO Y0U SEE? (A 
whole* bug J 

IS IT BILATERALLY SYM- ' 
METRIC? ' (Yes.) 



HOW DO YOU I^QW? 
(By the folding test.) 



Note: Worksheet 9 is tracing 
paper without a printed pattern J. 
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Discuss with the class the following ideas: The dotted line is 
the line of syrninetry of these patterns-. For every point on one 
side of the line of symmetry there is. a matching point on the''** 
other side. There is a kind of balance:of the parts on each 
side. Eacli child may make any bilaterally symmetric design 
he wishes on Worksheet 9 using the fold-and-trace technique. 
If some child'does not spontaneously ifnention -that the patterns 
look the same from either side of the paper^ suggest that they, 
look ,from both sides' and describe what they see, ' ' 



Activity C 



Worksheets 10 and I 1 should now ba completed. The work- 
sheets are designed to reinforpe the concept that all points of 
the pattern occur in 'pairs of points that are equidistant from 
the line of symmetry. Again, the children should not be ex- 
pected to verbalize this concept but simply to use it,- 



fforkihttt 10 

Unit u 



The area oC-'tht lift' side la. 



ThOy'^roa of- th« rii^ht aido la. 



sQuar? units, 
» aquare unl'ts. 



Workahttt 11 

unit 14 



Nana . 




The left la ~ unlta fron tha lino of svnraatry** 
. Tha right !■ uniti ft^oa th^llna of aynraatry^ 



Th* laftiBLla. 



^unlta froTJ tha line of ayroiotry. 



Tha n^htAie unlta froa tha lino of aj'^etry, 

Tha iflftl^ifl - unlta from tha Una of aVTmotry,,^ 
tha right ^ la * imUa frcn tha Una of a\'nn5atry. 



76 



FIGURE A 

•77 



Lesson 12: MIRROR TEST 



In this lesson two-dimensional patterns and threerdimehsional 
objects are tested for bilateral symmetry with'rnirrors* The 
lesson probably will take two* class periods • 



MATERIALS. 



— Worksheets J 2 .and 13 " • 
small mirror for each child , • - - 

— larger mirror (if necessary, this may be made from two' 
s;nall mirrors)' ^ , > 

— catds printed with numerals 0 through 9 and the capital^! - 
' letters (optional) , 

— assorted small solid objects to be tested With mirrors 

— Mirror Cards, Elementary Science Study, 108 Water Streeet 
Watertown, Mas,sachusexts 02 172 (optional) 



PROCEDURE 



Activity A 



Place Figure A so that the class- can see it. Have a child 
hold the. larger mirror on the line of symmetry of the figure 
and tell what he sees as he looks into the mirror. Either he 
or a succeeding volunteer should realize that he sees the 
same pattern with or without the mirrpr, -This is another test 
to show that a pattern has bilateral^^mmetry . This demon- 
stration is int'ended. onlxJ<>^hoW''the procedure. • The 
children will learn nTuch' more as they use their o.wn mirrors. 



Activity B 



Give each child a small mirror^aiid Worksheets 12 and 13. You 
may also wish to provide other pattern^ such as sets of numer- 
al and letter cards. It is. important that each child be. allowed 
to make his owh unhurried investigations of the patterns. How- 
ever, a brief reminder of the mirror tes.t is in order. If there 
exists a position for the mirror that will g.ive a view of the pat- 
tern jusf as it was without the mirror^ the .pattern is bilaterally 
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symmetric. The. line along which the mirror is placed in a sue- - 
. cessful test is a line of symmetry .of the pattern. Some chil- 
dren will find designs^th-at qiFe symmetric with respect to more 
than one line.. - ^ » 

Many children are fascinated by the Mirror Cards prepared by 
the Elementary Science Study. The cards make a goorf addition 
* to this lesson. ' ' 

Activity C. ^, ' 

Show the. class a two-dimensional symmetric pattern or picture. 
(Figure -A on page 76 can be used. ) r * • ^ 

HOW CAN WE TEST THIS PATTERN TO SEE IF IT HAs' BI- 
LATERAL SYMMETRY? HOW CAN WE TEST IT ANOTHER^ 
WAY? (With the mirror te$t or folding- test J 



/ 
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Demonstrate 'the two tests. An explanation of the tests Is 
.appropriate at this point,, but ofdinafily the children should not 
be- expected to verbalize, the explanation. You can present the 
substance of the fo|llowing psfragraph, wHich although not com- 
pletely precise,^ sh|ould give the idea jof bilateral symmetry to 
most of th^ children. ^ ' 

Every point in a bilaterally-symmetric pattern has a partner on 
the other side. Eachj)f the points in a pair is the sartie dis- 
»,tance from the line of symmetry. This is the reason that the 
points of th^ two sides fit together when the pattern is folded 
and also the reason that one side of the pattern looks just like 
the other side reflected by. a mirror. 

! ■ J ' 

Activity D ^ . , 1 f 

Show; the class a bilaterally symmetric, three-dimensional ob- 
ject, such as a vas,e, ^doll,|or a plaque. 

DO YOU THINK THIS IS BIIAT^RALLY SYMMETRIC? CAN '/ 
' WE TEST IT WITH A MIRPOR? (Yes.) 

Make the test with thelafger mirror. ■ , 

s CAN WE TEST IT BY FOLDING? (No, solid objects can 



not be folded.) 



Provide a number of small solid objects for the children to view 
with the small mirrors.' Possible objects could be plastic toy 
figures, blocks, combs, flowers, and parts of construction 
, \ sets. They may also look at their fingers , 'hands , and feet. 



7 

.'Activity E/ (Optional) 



Some unusually perceptive 'children may be in^terested in a dis- 
cussion of the' plane of symmetry of an object.' Wh}ereas a bi- 
laterally symiiretric two-jdimertsiofial pattern is m^ade up of 
pairs of points that are equidistant from a line, a bilaterally 
symmetric three-dimensior al pattern is made up of pairs of 
points' that are equidistant! from a plane! . The plane of sym- 
metry divides the object into two similar parts. 
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Lesson 1-3; . KEEP THE SYMMETBY / ' ' ' ••. 

• ^ *rhe games suggested here provide further pi^act ice-, with bilatr , 
eraUy symrpetric patterns, as y^ll as the fun of creating designs. 
*A revie\v df rotationaliy^. symmetric patterns and -repeating pat- 
terns>is included* . " 



MATERIAL'S \ ' : ^' > / 

' ' — properity' blocks- . . ' 
. ~ pegbbards • \, ^ 

small objects such'as paperclips', sticks>^nd counters , 
— colored chalk ' ' 
graph paper 

mirrors V ^ . y^- 

PROCEDyRE " ■ ' . .^ ' \ 

■ The gameS' (Activities) outlin^ed below are similar to. thcSse in 
Lessons 4* cind 6, and hence the chMdr.en should need dnly a 
brief explanation. of the rul^s before they^play. Xhey should 
be jsncouraged to 'experiment, with modifications "of the^games» 



The designs called.for in the games Jfray-^be^made 4/yith property 
blocks or^-any -small pbjects such as^papar clips, sticks, or 
counters; they may be made with pegs or\'pegboar^s; or they . 
may be drawn with chalk or crayon. ' The 'duration /of 'argame 
may.be Urfiit^d by :speqifying a, number off moves or a mirie'ln-^ 
terval for a^gam'e. ^All the g^mes may be played n,ow'J or you 
'rhay^ wish to use .C *andr D after lessorT 1-4 , * • ^ 



t 



Activity A. / ' ; • ! 



^ that's Wrong ? ^One child or team (designs' an imperfect bilaN 
' erally symmetric^ mttefn. The other child or teajti alters the 



pattern to make it 



bilaterally symm^tric". 



If children have ditficulty in making the imperfect patterns', 
suggest that^they secretly make a symmetric pMtem and then. 



cha'ilge one;or two elenfents. An example of an imperfect pat- 
tern an(^the corresponding symmetric pattern is* Sketched ^ 

t • . , ^ ' ' i t * . ' — ' 




r 
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^ Activity B * ; . ' ^ • 

\ Ghanqe It . One child or team m^kes a bilaterally symmetric 
design. He then -specifies a rule By which the other child is 
to- change the -design. The purpose and procedure for this game; 

^ ^ ^ is more fully explained in Les.son 6; Adtivity B. The sketch 
below shows -a possible transformetion. .Rule: ^ — 



.ActiviJ^y C 



Match the Mirror Image . Two- chiMren take turns in drawing 
'parts of a bilaterally symmetric^pattern pn a. grid; After each 
addition the player checks the pattern with a mirror. If the 
pattern is correctly drawn, the miripr ifhage of one side is. 
identical with the other side, ' 



Acuvity D 



Keep the Symmetry , One child starts with an element of 
r.igri, e.g.., 



A 



a de - 



He says, "This is part of a bilaterally symmetric design, 
finish it and keep *the symmetry."" The s.econd chila>4omT 
pletes the design, e/g., ' / \ 



ono ■ 



The first child may request <u repeating pattern or a rotatiohally 
symmetric pattern instead of a bilateralj^y symmetric pattern, 
. . Then the completed patterns might be y ! 



A A A A' 



X' A , 

<}n>. 

V ' 



' '^sspn 1,4;. JDRAWING. PATTERNS 



In this! lesson the children complexe, color, and draw bilater- 



ally symmetric patterns on grids, 
somewhat more precision than the 
^ this section. 



These\ activities call for 
art activities suggested for 



MATERIALS 

Worksheets* 14, 15, 16 and 17 
'PROCEDURE - 

Worksheels' 14 and 15 ^re self-explanatory* iMie child should 
discover t^at parts of the.patterni can be located by counting 
squares. He may make any bilaterally symmetric design he 
wishes on Worksheet 16. Any kind of sy:r.metric\ design may 
.b^e^ra^ado oq Worksheet 17. i 




T itorkthttt U 

> Unit U 



^.nnlsh tnt plcturt. ytXo n blUttVtlXy syafflotrlc. 



' 1 ffoiKthttt 15 



Nta«. 



Finish tht picturo. Unkt it bilttortlly.synnotric. 



1 i \ 




I ^ 
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V\^orksheets 16 and 17 are on graph paper. 
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Lessoh 15. WHAT. KIND QF SYMMETRY? ' 

The children here identify and test the three types of symmetry 
cohsidere^d in Sections I , 2 and '3,. This provides for both eval- 
uation and further learning. 

MATERIALS ' " . ^ * . ' ^ ^ . ' * . 

- an assortment of objects, pictures, and designs to be tested 
for symmetries. Some of these should be similar to those 

- suggested for Lessons 3 and '9. Examples of patterns either 
bilaterally symmetric or not quite^biiaterally symmetric are 
a key, vase, picture of a face, toy plastic figure, insect, 
leaf, flower, design from a magazine, ruler,' and fruit. 

- examples of the children's art work from this unit 
PROCEDURE 

Have a selection of objects, pictures, and designs on the 
shape table. Examples ot the children's art Work^from this . 
unit should be included. .The childreli- may wish to add to the 
collection later. . 

! 

Allow the children to investigate and tell about the symmetries 
of objects txhey choose from the' collection. They should be* 
able to apply tests to determine symmetries about jA^hich they 
are in doubt. Some patterns have more than one kind of sym- 
metry, but a child should not be requircjd to identify the pres- 
ence or absence of more than onel 

Review, with the children, if necessary, the various tests for 
determining symmetries. 
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ART ACTIVITIES FOR SECTION 3: BILATERAL SYMMETRY, 

A number of art activities are suggested here to reinforce the - 
concept of bilateral symmetry. Use any selection of them any 
time after Lesson I I has been completed. 
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'Activity A: Abstract Des igns 

1. Have the children cut out 2 or 3 shapes from the 12'* edge 
of a sheet of 9'* x 12'* colored construction paper. Make 
sure the cuts are on the »'2" edgeT not the 9" edge.' 

2, Put the shapes aside and paste the sheet down on a. 
12" X 18" sheet of contrasting color. 



- 3. 'Take^he cut-put shapes arid paste them down on the 

opposite side* of the line of symmetry in a flipped posi- 
tion. Good color combinations are -blue^paper on yellow, 
green on orange, or black on white. 




Activity B: Making Des.igns by^ Punching Holes 



I . Using pencils or pointed sticks , punch holes in a 

sheet of construction paper to make a^pattern exhibiting 

^ bilateral symmetry. If children have trouble making*—^- — - 
the hol£S^_thBy^may^l^ee^ over a pegboard 

TaHHpimch through the paper over a hole. 



.'2. Mount the punched sheet on another sheet of construction 
. paper of contrasting color. 
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Activity C: 3-Dimensional Designs ' 



Mated^lsj^^ assorted objects such 

yarn, seqiiihs, stones, pebbles, and dime siore jewelry.^ 
You will also need white all-purpose glue an\coldre.d tag- 
board.' 



I. Dmw a line down'the center of the tagboard. 



' 2. Make a design^on one half of the tagboard by glum 
assorted objects on it. 




3. Repeat the .procedure on the other side, to create a bi- 
laterally symmetric pattern. 



Activity D: Making A Turtle 



Draw'a rough ."circle on apiece of construction paper. 
Design a turtle shell with bilateral symmetry. Color 
its spots and the space between the- spots. 




2,- Cut out the circle then cut four slits as 'indicated by 
the dott ed lines Bri-ng-the-edg e s-^pf^t K^'s^ITts tog et her , 
as indicated by fhe arrows, overlapping them a little. 
Tape., staple or paste the overlaps in place. 




3, ^Draw four, legs, a head, and a tail on piece of construction 
paper. Cut them out and glue them under the shell of 
the turtle. ' " " 
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Activity^E: ♦ Stahd-up. Animals 

I • Fold a sheet of paper in half. 

- 2.. Draw an animal in such a way that^he top of tJie draw- 
ing coincides with the folded edge. Coloj the drawing. 

3. Cut through both layers of the drawing^ turn over and 
color the other half of the animal, 

J" '■ ■• 

4. Paste the two layers of the head together. When the 
paste is dry, the legs can be spread so that the animal 
will stand. The children can make a farm or a zpp. with 

~ . T'these" animals. ^ 




Activity F: Threerdimensional Ei'gure ' .. 

* , , % .... 

1 , Cut out hearts (or other similar shapes) of Y:9rious sizes^ 
and colors ♦ ^- ' - - ^ ^ - 

2, Fold a large Heart down the middle fox the body.. Fold 
.smaller hearts in similar fashion for other body parts 

(head, beak, etc) 

3, Paste the'tw6 halvesof the head together, catching a 
little of the body between the layers so that the bird will 
stand welL To make -the v^ings , feathefs- and" tail, use 

' smaller hearts pasted on in a bilaterally symmetric pat- 
tern*. 
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^Activity G:, Brayer Prints 

Materials used here are a brayer, a piece of glass, water- 
base printer's ink, newspaper and newsprint paper^for making 
print's. ' ' . • 



Find natural symmetric objects/ Leaves", grasses, and 
.weeds usually illustrate bilateral symmetry, • Bark -often 
showjs repeating -pa^tdfns. , ' ' „ , 

Squeeze a 3-inch ribbon of. paint on the glass and roll the 
brayer back and forth over it until the brayer i-s smoothly 
Qoated with paint and sounds sticky. . Lay the object on 
a pie.ce ofnewsp^per, and with the brayer ink the surface,. 
Do not appjy so much ink that the spaces are filled in. 



Lay the inked object face down oh clean newsprint or„ . 
construction paper and pre.as down with either a clean 
brayer, your fingers, ^or the bowl of ""a spoon. Children 
often find it ea^siest to use thqir fingers. 



Variation 




Place object 6nder-ci sheet of newsprint and roU^firmly over^ 
it with inked brayer so the image comes through! ■ 



. V /\ : ... 
/. . ' ' 

Activity H: Mobiles 



/I 
I 

I 



coat 

/ 



Use construction paper, thl^ead, and dowels or wire 
hangers for this activity. 



L Fold construction paper in half ^nddraw half a^b'|rd or 
butterfly, using, the^center fold as the line that divides, 
the'animaL Cut through both layers. ' ' 

2. Suspend the animal by a thread through i^s^.center and 
tie. to a rod of\doweling or a wire, coat hunger. Mobiles 
may be made o& several dowels and niany suspended 
paper figures, Qs\shown. ' ^ V ^ 




I 



/ 



ERIC 



94 



93 , 



'Activity I: Rubbincys 



You will need newsprint, crayons or soft^co\ripressed charcoal, 
and objects with raised patterns: * ^ 

I 



Find objects with raised patterns exhibiting bilateral symmetry. 
Leaves and weeds are excellent for 'nibbiiigs. \. •' • -• 



Place the newsprint over the object .and rub\the jcRarco.al or. . . 
crayon- firmly over the paper. \ " " - * 



3. Moun^t the rubbings on a piece of coristructio\i paper for 
displ'ay. . ■ ' , - ' ( = 

The sai^e technique cart be used for other types ofv symmetry. 
A brickjwall^or tile floor give good example s- of traftslational. 
symmetry. A bracelet opened flat has a repeated pWtern, a 
brooch may exhibit rotatjonal syrhmet-ry. 



1 




I 

/ 



*Activjtyl: Paper- braid Clown 



-J 



1. 'Cut strips of colored construction paper P' x 18"; 

2. Paste ORposite*l::olors at corners^'at'right angles. 

/3. Begin folding one colior over another to make an accordion 

^•^ pleat'e'd braid, . . 1 \ . • v ■ ' 



paste j 



4. Make 6 braids. 



5, Glue on^e braid into ^^Tfoop |or,the head. AttacW it to the 
body. ' I ^ / 



6. Attach arms and legs. 



1 



7, Make a small paper cone f6r.a hat. 



'Activity^K: Gurve SUtchina ' ' " - " . ' 

, Materials used are yarn, yarn needles, and light- weigm * 
tagbdard, 9".x 9". . 

^^. • Mark tagboafd into quarters, 

2. Mark along lines *at i- inch intervals. Label X-axis with ^ 
letters and Y-axis with numbers.. ■ ' * - 



X 



1 

a 








8 C p*^ 
— • — — « — 


' e- F G H 


^< 


— — » » 















X 



Y - 



3. Before starting the stitching, the,chirdren'.shoul'd poke a 
hole.through the -fagtoard with the yarn needle at each 
,rnarKed point. • _ - ■ ■ t ■ 

V4. i Begin "stitching from.t^iejaack of the-'ta^ board. .-Kriot'yaYn, 
then pull needle anji yarn .through 1.; Insert in E and come 
up through F. Demonstrate the stitching to the children. 

_ AOd-h^A^e Jiiem_f ollow_you- s tep-by-- &t e p^-— — : - 



5*. Continue sewing fcurve by stitching from'R, over to^ 2, up 
through 3/ arid over'to G,up through H, and over ta 4.^ 




6. those children whp did not have trouble with this ina,y • 
want to do another section. -Number along the lines / as 
shown. Then stitch next curve as'follows: H fo 5, 
6 to G, F to 7, 8 to E. . " 




7. Sew. each quarter until pattern is made. 




Children who grasp the 1-to -J correspo^hdence in this activity/ 
may want to try curver stitching other shapes such as a-triangle 

/\ or a hexagon . They jnay use different cdlored * 

yarns, in a symmetric color' pattern. . . • ^ 
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SECTION 4 



SYMMETRY IN SOUND -AND McTVEMENT 



In addition to the visual symmetries they'have been studying/ 
first graders will enjoy discovering .symmetries tn the things 
tl;iey hear around them and in the things they do every day. 
They might notenhm they walk symmetrically. There may he. 
repeated patterns Iri some class recitations. There, are sym- " 
metries in-their addition charts. Some stories, such as "The 
Little Red Hen, " have symmetric structures and repeated. word 
patterns. Symmetries of many sorts can be fourjd in most ^ 
poetry and. in music/ . / * * 

This sectionnas subdivisions according to' subject. matter 
rather than by^ lesson, in order to help you iook for symmetries 
'whentever the opportunity arises. ' 



^ SYMME TRIC MOVEMENT " . , 

"^"5 

Many ganfes and physiealt education activities involve sym-^ 
metric movements and patterns* As you guide the chi-ldren .in 
anafyzing them , you might find bilateral syBim'etry, rotatiohSl^" , 
, .'symmetry and^epeated patt(?rns . Calisthenics ar^ especially 
^ _ ' symmetric, The^e activities arje often. done to music (e.g^ 

"Chicken Fat") • This serves to reinforce rhythmic perception* . 

A child who' has studiedvt^p-dancing may want to demonstrate 
/ , for the c la s s ^ " \ - * ^ ^ 

Rhythm Ban d ' , ' ^ - ■ ' 

P(^rcussjon instruments serve to tie symmetric movement to 
sym^metric sound. The, simplest activity is marching arourKi the 
room while playinV the rhythm instruments. Some children who 
^. can skip, might do st> while^ other children try to accompany the 
" o s'kipping rhythm with th'eir instruments, 

It is much more difficult to count a rest than to count a^^eat, 
; but first graders s^hould be able to'accent every third or fourth 
beat with a triangle 'or a cymbal. This activity will help^them 
distinguish, between stressed and unstressed syllables in 
poetry, " . , • , • ■ _ 

i ClappinQ ' ' " ' o " \ ^ , : 

^ " • ' The simplest rhythmic pattern the children (s:,an clap is a "regular 
I -2-3-4-; When they .have'^had sufficient practice clappin'g 'in 
- V ^ unison ^ .have them cja^S patterns of .increasing difficulty, such. 
as those below. The last 2 rhythms call for stress as. indicalQd 
by the. > sign below the note', . ; * ' 
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Klter the class has had enough practice in clapping the.se; ' - 
rhythms / have some volunteers try to represent the rhythm on 
the board. This ties together tbe idea'of a rhythrhic pattern 
and h visually repeated p'attern. Any notation s,ys\em a child 



* 7 



,devisBs is satiisfa'ctqry if -it vjisually records th6-'repeatecl,i^at- 
tern* ©ne. method might be to use a. long stroke (/ ) for an 
accented beat and'a dash (— ) lor an unaccented beat* The 
length of the^dash could indicate the dui^ation .qf the beat*, t 
Thus the last two rhythms given above might" be recorde(3 as • 
c follows: * , I • • 
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■POETRY - ♦ ■ ' • -r^V . 

•Have the children clap the rhythm of a poem such at "Pease- 
Porridge jpot. " . Sdme pairs of children ,may be ^ble to clap ^ 
complicated cross-handed patterns. ' / ' • " 

- ■ Pease porridge hot, 

Pease porridge cold,. ^ ^ ' ' ' 

' Pease. porridge in the pot, , , 

Nine day a old, ^ * " ^ ^ 

Some^like. it hot'/ . . . 
.Some like it cold, . •■ 
• - ' Some like it'in the po't/ 

~N-ine days did. ' ^ — : ^ — — * 

Other" symmetries thg" children may find in thistpoem are the . 
, rhyming of everypther line, the repeating pattern of words in 
the. first three li^es of each vgrse,. a,nd the repeeited last line 
of each verse. , *, - • 

,f> A"npt;her example of poetry rich in, symmetry is'*'Overin the ' 

Meadow. " There is a parallel structure irv all the verses r 
v ^/ • the number-^bf' Mot her's little ones-inprease. by gne in each 
verse; 'within the verses, the third* lines have-an inner re- 
■* peateS pattern, and the first and fourth- linest^have an exact 
* repetition of the- last parts of the lines; the rhymes follow- ^ . 
an arb-a-b pattern; ahd^'so oh. " , , • 



. Over in the" Meadow ^ ' . - 

'Over in the rrreadbw in the land in the sun , • 
Lived an old; mother turtle aad her^ little turtle one, 
7/ Dig said the mother. We dig said the one., 
Sgu'they dug all day in the sand in the sun/- . 5. 

Over in- file meadow where the stream runs blue 

Lived arx old mother fish and her little fishes two-, ^ ^ 

Swim said the motl^efv We swim said the two, . 

So they swam ^l£' day where the stream runs blue. 

Over in the mea(3ow in a hole in a tree ^ 
. Lived an old mother owl and her little owls three, 
. Tu-whoo said" the mother. Tu-whoo said.the ^tfiree. 

So they tu-whooec| all day in a hole in a tree, 

' y ' ' ^ Author Unknown \ 

Yqu will find some symmetries in most poems yo.u examine, j^ut 
not^all poems display symmetry^ as the following lines of haiku 
indicate: ' . \. 

' - " ' My Window is broken, , - ' \ ^ 

' ^ But-I pee, the moon'th^pugh it, " " . 

- . And^'ther stars ^ too \ " . 



MUSIC 



All music is rlchi^ symmetries of maayr'isarts.l Any songs the^ 
children, know can be analyzed for repeated rhythmic patternis 
"by'cTaWiW^orus^^ 

can be* examined to discover repeated *phra's„es , "The, book- of 
simple" piano pieces , Copy Cats by Joljn LaMontaine, is'ex-^ 
cellent for demonstrating musical symmetries, - . - • 

. J^,' yo9f children- ' are able to sing round s , th.ey can JTlustrate j'J 
very obvious example of a basic type of-HTjuSicaLsymmetry . 
overlapping repeated-pattems, {This ii developed'-to great 
complexity in the fugue, ). We^have printed ^'Row,. Row,. Bow ^' 
your Boat'* in subh a waj^ as to: emphasize the pafteFned- entry ' 
of anothehgroup of voices ^^y0ry„ four measures , , Even thougl^ 
. most first graders cannot r^ad mOsio, it should* be, e^asy for / 
..them to spot the visual symmetries'; especially the groups of 
three, eighth- notes Tor the word "merrily , : ^ ■ ^ 



-I (\ 
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SECTION 5- 



OTHER .INTERESTING TATTERNS 



The scientist proceeds with the assumption that nature is ba- 
sically orderly and symmetric. His task^is to find the order and 
symmetry. The artist/ on th^e other hand, creates his own pat- 
terns symmetry. 

In this section, more complicated patter-ns'are e^camined by the 
children*. Some of these, may possess one or more of the sym- 
metries already tamUiar to the ohild/ but most do' not. ^The 
section is intended to s^rve as, an open door into j:he realm of. 
unusucil symmetry 'for the cfiild and, as such, should not be * 
coa^struedas specifying well-defined objectives. 



The shape of a crystal exhibits symmetry, but often its sym- 
*metry is not obvious. One may infer order within the crystal 
from the -appearance of the exterior faces, but this is a rather 
sophisticated activity,- more suitable for older children. A 
honeycomb and a brick wall display translatiCnal symmetry 
of a type discusse'd in the unit commentary. The pattern of 
bricks in a patib-floo"' provides anotjier'example, -A pyramid 
--of oranges or grapefruit, as seeri in a market, has repeating 
^patterns in various dimensions. Observation of such- patterns 
^timulStes children' s "thinking, but the teacher should at af-l . 
times refrain from frying to drive home points by mere,telling. 

Creative art is rich in patterns of shape, texture and^color.^ 
Even in the absence of blear-cut»symme.try, the child may* 
. still sense harmonies of many kinds ajxti not be at all able to 
describe -his impressions or enjoyment. of them. ^ 

This section is not divided into'lessons. - Use the parts in 
any order and with the emphasis that you wish. 
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Hebrew Cone 
♦ 



Different, patterns 

^Hav.e the class obs.erve some objects that hayei^symmetries of 
types other^than those considered in S^ec'tions I , and 3» 
This group;Tnay inT:l\ide sea shells, leaveg,> nests, anc} 6b- 
stract designs- Allo»v the children "to fxnd.basic syfnmetries, 
but at the same time 'encourage them- to^;Search for other types 
of balance, proportion, or any^other quality they may Qon^ider 
* . to be^associated-'with symmetry, .Discuss the findings without 
requiring precise description, . » ' . ' 







Venus Comb Murex 



Cerani Vase 
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Cry 



V ■ 

\ ' 

stkrs 



• I^J^/ge crystals of any kind are available, by all r^ieans have 
^the children observe thes^- carefully. An alternative is to work 

' with 'small crystals Such as salt^ 'sugar, or epsom salt/using 
a hand magnifier. Rock-salt crylstals' can probably be ob- 
served without magnification. Yol\*can show the p|}otographs 
on the following pages and later pla.ce these'oh -the bulletin 
board: They are magnified view's of ^^able salt, quartz crys- 

* t$^s and a snowflake. 

Elicit. from the children their views of th^ possible symmetry 
of the crystal specimens, and of thosjs showp^ the photos. 
AsJ^ijiie children if 'they know of other qrysWs to be^found at 
hom4 or Elsewhere. - *\ • 

^ \- ' S ■ ' 

Most'chUdren'wi^l npt realize' thari snowflakes^are groups of 
ti^ny ice cryg^^ls. ,,An individual siiowflake/i^s .flat, hexlagonai 
in form^,.and.di^play^ rotational symm^try,,,,;^^ snow- 
flake Iphotos wou](5 show a wide variety otfornis, %11 with a 
basic hexaganal structure. . " \ 




Children will enjoy creating their own snowflake designs by 
.cutting^a sheet of paper folded in a special way. They'will 
be. able to^learn to do this following instructions,- provj^ded 
you- have the time to repeat the instructions a,nUmt»er qf • 
times. Or yo.u-may wish to prepare "a folded sheet for 4ach ' 
child, re^dy for scissors. work. ' . ' /• . 



/ \ 



•107 



Making a papef Sfiowflake 

Fold a sheet of 8s" x I I " onionskin 
or bond paper In half. 



By bending as if to fold tTie sheet in 
hallt again, find center of folded edge 
and mark with a small crease. 



With the paper still folded in. half, 
fold down the upper section, start- 
ing at center crease on folded edge, 
to form a 60^ angle. 



Next fold the bottom portion up in the 
same way. You will find it very easy 
to find the 60^ angle by folding the 
upper and. lower portions loosely and 
shifting them against each other to- 
^ bring the edges , in lin^ before you 
crease them. 



Mow fold under along the dotted line. 



^ Cut through the folded paper as shown 
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The pattern on th6 snowflake-is 
made by cutting notches of dif- 
ferent shapes and sizes along 
.the folded edges. 



It is always a surprise for the 
children to unfold the snowflakes 
and see what patterns they have 
made. 




After the completion of the snowflake activity, ask the chil- 
dren about the symmetry of their snowflakes (bilateral and 
rotational symmetry). Continue with fresh pieces of paper so 
that each child may make one or more additional patterp^s. 

lii 




Honey.comb and Brick Walls 



-This portion of the section^ m^y be taught using, for illustra- 
tion,, either a honeycomb pattern or the pattern shown by an 
ordinary brick wall, if you discuss the pattern exhibited by • 
a brick wall, work with small blocks or toy bricks. The fol- 
lowing procedure refers to the honeyccimb. 

^ t. 

Try to obtain an actuaLhoneycomb to show the children. If 
th i is not possible, a good picture will be most useful. - The 

children may or may not recogni^ze that the pattern shows a 

~¥rnd of symmetry^ -should recognize that the^ldp surface 

of "the comb is the same as the middle or bottom surface of the 
coinb.^ 

f- <• * , ' 

Prepare in advance 8 or 10 regular hexagons of construction 
paper (using -the snowflake techniaue) or prepare 8 or 10 reg- 
ular hexagons made of poster board by cutting along previously 
marked lin^es. Have the, children gather around a table both to 
watch and to participate in the construction and manipulation 
■'of the honeycomb* pattern. Ask one or more volunteers to con- 
struct a honeycomb pattern from the hexagons by fitting the 
sides together. ^ 




• Ask ,the children abor\ the symmetry of the pattern. Tell them 
tha-t they are free to^'mdve one of the figures any way they 
choose. They rfiay need to" be remifided of the test for repeat- 

' ing- -patterns . Some children will see that one of the hexagons 
may be mdved in o ^ dir^rition along a line in equal-sized 
steps to make it coincide with other hexagons. If that same 
hexagon were moved^in another direction, it would cover other 
hexagons. Any cell in the entire pattern can be reached^by 
combining moves in these two direcJtions. Allow ample time 
for as 'many children as possible to manipulate the hexagons 
and to make the new symmetry test for themselves. . Tbey may 
enjoy thinking about how a bee makes such a regular pattern. 



other Ornamental Patterns ^ 
i 7 ^ ' ' 

The honeycomb and brick wall patterns are examples pf^orna- 
mental patterns where a surface is covered by ^shapes arranged 
in a regular w.ay. Other easily observed ornamental patterns - 
are those in tile floors, wallpaper, aritl fabrics. Worksheets 
18, 19 and 20 gre brnarflental patterns for the children to color. 

Paintings ' ' " * ' 
* ^ " 

Prints of paintingg that showjvi.r^lng.degi:ee-S-j:>^ caii~- 
^ be displayed:' Examples from Klee, Miro', Degas; Mondrian/, 
and others may be used, Begip by showing the children a 
painting with .easily ohservableosymmetry and ask, '*What ^ ^ 
does this painting tell you? Why do you likeYt? " This may 
• lead to a fine discussion; of the symmetry-of the painting. The 
children should discover vthe' symmetry for themselves,' wheth- 
er it be symmetry of line, shape, or color. The children may 
suggest their>own .titles for each painting. You may continue/ 
^using examples with less obvious syiximetry; 

• - , • ^ 

Give the children fhfe -freedom to paint or draw their own tie- 
signs, using what they kn&w of the various forms of symrfietry, 
V ^Any' noteworthy results^should be enjoyed, shared and dis- 
cussed by the entire group, ^ - 

Sources .of art prints include old magazines, calendars, cata- 
logued of various galleries, and unframed prints from galleries. 

Art Treasure Hunt - : 

Encourage children to. bring in pictures clipped from old mag- 
azines, Christmas ^end other greeting cards, etg, , that they 
.find especially pleasijig. Ask them to te\l why they like the 
pictures. " ^ . ^ ^ 

Display examples of th^ best art. whenever you can. Change 
the pictures 6ften and select pictures that express the craft, 
lore and beauty of the work from many nations and of 
people. Prints of masterpieces are now available in every 
price range, so that it is just as easy to have the finest 
works oh display as inferior ones, 

. . us 



Lesson 32: FINDTMf^ tHE.-RULE (AfiDTTTOMV 



^ - In this lesson tjie Children are. to determine the opera'tion 

tised in- going from one number to another.. This gives more 
. practice ^n finding missing addends.- It also provides back- 
_ . ground for mapping and function, concepts that wi-ll-be de- " 
■ veloped- in later years. .. ' . ; " " ' . 

MATERIALS • -* ' - ' 

— demonstration slide rule ' - 
.— ^C4innebars „ ' ■ . ' 
: — Work sheet 75- ' ' . • . ' • - 

PROCEDURE ' .-■ • ' * . ^ " 

. A. ^ Write -3 .-;-^ > g on the"' chalkboard. :" ., ' 

^H0V\t:DIDTGET, FROM 3 TO 5 ? (You added 2 to 3..)" 

^E"wiLL^WRITETHrRtrCE~(5VERJilE ARROW LIKE THI&- 
. +2 — T 
• 3-- > 5 

USE TI-IE SAME RULE TO FINISH THESE: 

■ ■ . +2 , ' ° 

4 -> ■ •- 

• . +2 • . 



->7 



■ Have the children write the "completed series on paper. Then 
~Qsk for volunteers to complete the series on the board 

• " - / ■ . * • 

Show With the demonstration slide rule that these pairs of 
nqm^ers can be f^ad^from a pair of number, lines when one has 
been moved .2 units to the.ria.ht of the other. This illustrates 
that moving .-one of the number lines 2 units to the right of 
the other corresponds to adding -2 to "each nufnber 
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Write.th^ foLlcfwing series of number pairs on the board, 



2- 
3- 
6- 



-^5 



-^6 



■^9 



-^4 



Tell the children that in every pair^ujjsed the_s„amej:ule.to 

go--from-theHEirstTitnirfbeTto^ire'^¥cbnd number. . 

WHAT RULE^-DID I USE? (+3) 

Have the children write +3 over each arrow in the series. 

Jt is helpful for children to see this relation shown bV Minne-^ 
bars. As'k theni to arrange theft" iylinj|ebars to show the pairs 
in the series on the^board. ^\ ^\ \ - . 





















\ 







X 



WHAT PATTERN DO YOU SEE? (The sQcond bar in each pair 
is 3 units ' longer than^the first bar.) 



Show the ckiss a pair of Minn6bars, e.g. 
Ask them to arrange'some of^their bars in pairs using the same 
rule that this pair illustrates. The children can take turns "in 
writing on the board the number pairs shown by*tbeir bars . " . 



9 



D. -W.orksheQt 75 has more series of this type. Have th^ chil: 
dren complete these series. ' . \ * ^ 



V/orksheei 73^ ^ 



Hach qroup has a rulo. 
Wrao ihc rale over the ofrowsT 
•Wruothc miSSjng numbers. 



-I 



+3 



9 



+3 



-> 3 



+3 



t3 



.0 -±U 



21 



22-- 
23 



+5 



+5 



» 6 



^ 3 



+ 5 

+5 



* 7 

* 8 



- — _> 9 
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lesson 33: FINDING THE RULE (ADDITION AND SUBTRACTION) 



This lesson is an extension of Lesson" 32 ^ Again the children 
will determine the operation iTsed to go from one number in a 
pair to the other. Both addition and subtraction will be used. 



MATERIALS 



^.dempnstration number line 
Worksheets 76 and 77 



•PJIOCEDURE^ 



A, .Write the following 
series on the board:- 



Worksheet 76. , 
Unit 13. Name 



riiid^the rule for each group. 



•Write^the missing numbers 



4.. V 3 

7 — 



-> 5- 



-3 * 
6^ — »-> 3 

^ 

-3 ■ « 
5 > -2 



5 r-» 3 

. -2. o 



3^ 



> 0 



-» 0 



-> 4 



.^1 



'4- 
5^ 
2- 



->3 



7- 



Explain- again that the same rule 
was used to go from each .numb(er 
on the left to the number on the' . 
right. Ask for Volunteers to fill* 

if\ the rule-= ^and the'missing 

number. 

Show ttie pairs of numbers on the, . 
demonstration number line.. The 
second number of each' pair in the 
series is 2 yunits.to the left of the'' 
first number. . " , 

Use as^ many other examples with ' 
a subtraction rule as you wish be- 
fore having the class complete 
''orksheet 76. ' 
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Introduce Worksheet 77 by having the class cog-sider several 
series of number pairs for which the appropriate ryle might be 
either acjdition.or subtraction. "Be certain that .the children* 
realize that just one rule is used for e&ch series of number., 
pairs . Some^s'uggest^d pairs are: 

6-^— • -7- >.3 ^^7 

, "3 ->0. .4- 6 0 , ■ > 6- 

■ 4 ' > I 5-- -=> — >9. 

5 * . • -. > 6 - , ^8 



Worksheet 77 ^ \ 
Unit 13 * Name 



rind the ruloMor each group. <^ 
Write the misslnq numbers. 



44 
2 7^6 



.3 



+4 . 



^ 7 



+4 

4 ^8 



^ +4 

O >7 



+4^ ^ 
3 — ^ 7 

5- *%• 



. 18 ■ > I6 

'.II 9 

1-2 . , 

. 7-H ► 0 



I3 \ K 



+7 

II ' — >I8 

7-±L>14 
0-^1 
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ADDING AND SUBTRACTrNG' TWO-DIGIT NUMBERS 



^OPTIONAL) 



This section reviews the decimal place valuQ notatian and -'^ 
introduces the method commonly used to add ancj subtract *• 
multidigjt numbers. Only one-r and two-digit numbers will be 
considered, and ng renaming of Ts to lO's (Carrying) or of 
\Tt*'s to l*s. (borrovving) will be required.* The material in 
this section will be pfesented'again in second grade; there- 
fore, feel free to use only those acclivities which are suited 
for your class and for^whicH you have time. 



COMM'ENTARY 



ficaVion ( 



The justification of finding 
and '5 .and 4" is that* 



5*0 + 40 by "adding 0 and 0 . 



50 + 40 =. (5 X 10) + (4 X 10) = (4 + 5) X 10 = 9 TT 10 = 90 

These steps involve basic principles -of multiplication with^ 
which "th?, children are npt familiar. To -avoid the diredt use^ 
of multiplication we will develop the idea of addincj^ multiples, 
of ten by working with sets of teni 'Thus , in these 'ie,ssons'* 
tji(^^ children will be led to think of 50 '+ 40 as { tens plus 
4 tens. -^^^ 



We will also use a iset interpretation to introduce more com- 
plex problCims, such^as , 54- - 3 I . The justification of the 
common computational method for finding 54 - 31 ' woufd- 
involve the following steps t which-of course should not be 
presented to first graders. ' * * 

54 - 31 = J(5 x 10) + 4] - [(3 x> 10) + l] 

= [(5 X -10) - (3'x 10)] + [4 - I]" ' 
* ='.[(5 - 3) X 10] +-3- • - 

= (2 X 10) t 3 ' ' 
■ ■ ^ • . 23 - 
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."NOTES QN-THE TEACHING OF -THIS SErj^N ' 

• •• - " ' ' ■ ■ ■ " ' ' ■ ) 

' Eaqh lesson starts with a (jemonstration on the biard'.and qn 

an a-bacus. -"It is likely th,at some children will b mefit by 
' ' repealing the demonstrated exajpp'les with their own counters. 

The demonstrations call" for •" sets of one " and "sets 6f ten. "' 
The. set of one is a single unit shape, and the g^fdf.ten is. 
^ formed, by joining ten unit shapes in ah easily recognized T 
o ^zt^'^'' "^^^"^ "^^^^ he^vy paper or tag-board' -and ' * 

' placed on, a blackboard with sticky putty or on a flannel- 
bocird. Some "shapes that riiigTit be used are sketched below. 



□ 



'"1 










i 








> 



■Q: 



; O 




o..t 




i5r * 



Nine^unit shapes? and up to niric of th^ lafgor 
be pwpafccf in each of'the dcsigps selected. 



sha 



'es should 
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Lesson 34': PLACE VALUE* NOTATION J \ - 

This Lesson reviews decimal place value notation, A transi- 
^ tion is made from the word "and" to the symbol + in expres- 
^ ^ sing ndmbers ia terms of SQts of tens-an4 ones* If a' child 
has much difficulty with thi§ lesson he should review the. 
treatment of place value in Unit 11.-. - '\ ^ 

' MATERIALS ' * ' 

' ^ paper sets of one and sets oi tert ^/ " / 

— a^bacus . ^ . * ' ^ 

Worksheets 78 and 79 " ' \ 

* PROCEDURE , ' • . ' 

, . Place 2 sets of ten and 4 sets -of one oh the /board. Guide, 
a discussion in which the children note that these are three 
• names fpr the number of unit shapes displayed: - ^ 

2 tans and 4^ dries ,20 + 4 - ^ 24 

With the '^24 shajD^s still on the board have 24 set uj^ on the 
abacus . Repeat the process: with various numbers until you 
V feet the class is ready ^for Worksheets 78 and 79. > . 
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Worksheet 78 ^ 
Umt 13 . Name 



Write names for the tptal number of unit sbapes. 



□ □ 




J. tens and 2. ones 



J0_ + ^ ^ 12' 



^ ten^ end 4 'ones 



□ □□□ 

< 



o . o 



JL.tenspnd ^ dhes 8' 48 



7 tens and Q^ones.,^- - 70 ■;'^0 ^ 70 



I 



•r 



j^^27 . 2 tens and _7 ones. 20 + 7 

•56" ^ tens and ^ o'hes " '50 + ^ 

_L tens and ^ ones ro +. 3 



Worksheet 79 '< 
Unit 13 Name. 



V^Ue^three names for each number. 



13 

'3e- 



" *^ tens and _0^ 9ne5s>»' ^0 + 0> 



/ 4 tbns^and 2 ones ' ACt^' "2"^ 
7 tens and 0 ones^ 70.+ 0- 



70 
81 
b9 



8 tens and I ones 80 + I 

9 tens and 9 ones + 9 



^ ^ tens end _9_ ones ^30^ + 9 

tens'and 3 ones ' 70 + 3 

' 6 tens and _0_ ones' /tK 

^5 4 tens and _5_.onos 40 + _5_ 
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Lesson 35; SUMS AND DIFFERENCES OF ONE-BIGir AND 
TWO--DIGIT ND^MBERS ^ - ' * 



s In this lesson a,orie-digit number is added'to or subtracted 
from a two-digit, ntim her by adding or subti;actinq tjhe on^--'^^^ 
number from the number in the ones place ot the two-digit ^ ' 
number.' ' . , ' - w 

\ . . . ' 

MATERIALS . * / ^ \ • ' • ^ 

— paper sets of-one and sets often " , ' * 
I r- abapus - ^ . n ' . 

— about ten " x 5" cards printed with cornbinations such as 

36 + 3 , 48 -f I , 26 + 3 , 11+7 /^54 + 5 , 93 - 2\ m 
^ ; ' 74 - 3 ,^ ^88 - 6 , 17 - 7 , 46 - 0 

' - Worksheets 80, 81 and 82 

PROCEDURE ' - ' . ■ 

, A. Use your paper sets to demonstrate the following problem, 
^ . - First consider the" sets separately, then join them. 'j. 



> 



□□□ 



fWith'the above problem still displayed, have someone set up 
3*6' on the abacus^and'theri aad 3 to it, - . , ) 

Repeat the activity with other sums and differences not ^ 
recmiring-lregro.upinq (carr^^fing or borrowing). 
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B; Individual practice iii, finding sums- and differences on the 

abacus is appropriate here. Whenyoy think it will he helpful, 
provide a child with, an abacus and. problem cards. 
• _.,,■■*_, . . 

C. Worksheets 80 and 8 1, contain problems similar to those of 
. ^ ^"'j- B .i.":^ A vertical form/ Yoii maywish to do one-or-two- 
problems as a class activity and use the-rest forindi,vidual 
practice. Worksheet 8'2 allows the childreri'to«appiV the- 
"'-methods of th^Jes son to word problems. . - . 

NOTE: Worksheet 82 shows, a seacow pr Manalee eating a 
water hyacinth. These aquatic m«ij2mals live "along seaeoasts 
and up river inlets.- ' ■ ... 




1 V . 
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Worksheet 80 
Unit li . Name 



^^^^ ^ 

Find the sums» Use the number Hne If you need it. 



30 + 6, 




I, — -50 •'+"" 1 


— " 


TV- 


+ 3 


\ + 4 


+ 4 


IP ,+_J9L 




50 i- 5 

• 


55 
• 


80 + 4 ' 


84 


90 + 4 


94 ' 


4-3 


3 


_+ 2 


+ 2. 


80 + 7 


87 


90 + 6 - 


96 




• 






'60 +-5 


*65 


60+6 


'66 


.+ 4-k 


+ 4 


+ 1 


' + »" ^ 


60+9 


69 


. ^60+7 


67 


50 + 0 


50 


30 + '2 


32 


+ 3 


+ 3 ; 


+ 6 


+ .6 


5^0 + 3 . 


• 53 


30 f 8 


38 



^tH ! ^4 — =— t — h> 



Worksheet 81. ^ 
Usui f3 Name 



Find Ihu sumb. U^^i* thr namlnjr Uno if you nood it. 



















i \ 3, 






.. + -J * 


1 14; 

\ 

r 

\ ■ 


28 


99^ 

*» 

<^ 


* 5^ 


j hZ 




21 ^ 


72 




+ \ 


-+ 6 


^ 5 


/. 


1 Q 


27 


77 

V 




37 


12 


82 


h 0 


f 2 


+ 6 


+ 3 


53 


39 




85 


9S - 


24 


53" 


"•" 12 ' 


+ 2 




f 3 


+ 7 


97^ ' 


IT 


56 


•19 



Worksheet 

Unit 13 ' Name 



■ V 




\ Tony and Sal looJtcd at a 'scacow in, a 'river, 
. Thoy saw il eat IS plants. 
\.Thf;j>'tliev^' saw it eat 4 more plants. 
Vow matiy plants did-they sftftjJ^t eat^ i 

\,5+4=.l9 ■^^'■V*\ 



Thor^ wore* 89 plants on.tho other side of the nvor. 
Another seacow ate 7 of thcm\ v. , 
Ho\NM;iarty pJints were Icft-^ 

i 89. 7.=i,R2 



„ After this seacow ate the 7. plants it oto Jn2 more. 
^'JJow many^plants did a eat^' > • ' 

7+12=19- 



\ 



Here thevcombining and removing of sets -of ten illustrate tljfe 
addition and subtraction of multiples of ten. - f 



MATERIALS- 



— paper sets often . .' ■ /" 

■ ■. * ■ ' , ■ - 

■ •— abacus _ . / . 

•: — Worksheet 83 . 
PrOCEDURE ■ - ' 

A Have sets'*ot 3 tens and 2 tens placed on the board. Have 

. , someone join them and write the following sentences:-, 

* "V , . «>• 

3 tens and 2 .tens are -5 tens . > 

30 + 20 = ^ 50 

Sketch a number, line Similar to this': * ' • - 

<-+-^ \ ^ 1 1 1— ^4-- ^— > 

^ 0 • 1 0 . . 

Have the children place more numerals on'the line. (You m.ay 
• need to review counting by tens.) Have someone mark arrows 
on the line to' show '30' + 20 = 50 . 



— — ' 

. < — b---H-: \ ■—{ 1 1- > 

0 .10 20 30 40 ,50 

Repeat this procedure with k difference, such as 60 - 30 , » 
•and a missing addend problem, such as 50 + j~j = 80 . 

^ B. Have a child show* the sum 50 + 40 on the abacus. Then 
have 90 - 40 shown. ' , . ' . 



G* Prbvd^ witja combinations of ^multiples of tens 

^^^^jBach child may Use 'an abacus^,^' number line marked at the 
* lO's, or^sets oi ten as aids i'flhe needs them, . ? , . 

D. Hav,Q,the children complete'Worksheet 83, If a child has. 
difficulty un?lerstanj^i*hg or completing Jhe works,heet, 'he 
chould have^more practice before going on.' 



Worksheet 83 

Unit 13 -Name 



50 + 20 = 70 ' . 0* +^ 50 = 50 
60 -f 30 = '90 * :^"20 +"70 - 90 
40 + 10,= 50 , 30 + 30 60 



<-l 1 h H h !— I l-^H h> 

^0 10 20 30 40 « ?0- 60 70 ' 80 . 90 



50 


30 *^ , 


80 


+ 40* 


' + 20 


+ 10 


\90 


- 50 


■ ■ 90^ 


> 






.60 


... .50 


' 20 


+ 10 . 


^+ 0 


+ 60 * 


: 70 


50 


'80 






i W— f- 




^— 1 — 1 — \ — 
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In this lesson problems involving dimes and pennies are con- 
sidered. These provide practice with the decimarsystem of 
numeration, in adding or subtracjtihg a two-digit and. a one-^ ' 
digit-number, and in adding or subtracting^ multiples of ten, 

MATERIALS - ' * ^ ^ ' - . ' '^^ " 

— play pennies- ^nd 'dimes (optional) " . . 

: — Worksheets 84 and 85 * 

PROCEDURE • ' . ... •■ ■ 

*; . .Read and find, ansWers to the problems on Worksheets 84 a'nd 
.85 as a group. Explain that I dime is w.orth 10 cents and 
'that. I penny is the same as J . cent, ' . ' 



Rjay money may be used to help 'those who have trouble with 
the problems, ■ ' 



^ Worksheet •84 '^ 

Unit 13 , Name ' , 


Jane hoff^ 5 dimes 

Mo!het gave hor, 2» 'more dimes . 

How many cents did she have? 

50 + 20 ^'70 

^' . - ^ ' ) 




Dick hci<^ -'7 dimes : ' 
He last "1 dime. 
' Ho^^^many cents did he have left^ 

' 70 - ro ^ 60 • ' 




Sam (fayjb 3 dimes to Bill and S 
How niany cents did he give away 

30 + 50.= 80 , 


dimes to Tom. 


t 

John hodr S dimes. • 

His father gave him- 2 dimes and 6 pennies! 
How many cents-did he have then? 

•i. 50 50 ■ ' . 

HH 20 +. 6 or -h 26 


70+6 


76 



Worksheet 85 

Unit 13 Name 



SaUy had 3 dimes and 2 pennies. 

Dick gave her 5 pennies. 

She wants a book that costs 35 cents . 

Does she have enough money now to buy it? (Ygs) 

30 + 2 ■ ' 32 

+ ' ■ ' 5 . • or ' + 5 

30 + 7 37 ' 

Mary has 4 dimes and 9 pennies. 
She buys gum for 5 cents. 
How much money does she have left? 
'40 + 9 49 

rr^ 5/ 



or 



40+4' , 44 

Mike has. 50 cents. 
. Ho earns -1 dimes . 
Now how many cents does he have? 

50 
+ 40 
• '■ 90~ 

Tony spent 32 cents. 

How many dimes and pennies did he spend? 

3 .dimes and 2 pennies 



^Two-digit numbers are added and subtracted in tnis lesion; 
The numbers are so' chosen that no renaming' df 'bnes^to tens 
^or teins to ones is required. ^ • • / 

MATERIALS . ' ' - ■ ' " 

, • . 

— paper sets of one and sets, of tert 

— abacus- ' J'' . ' . - ^ . 
r- Worksheets 86 f; d 87 - ' - 

PROCEDURE- • , ; . 

A. Use the paper sets- ta demonstrate th^' following sum and as 
many others as you/wish. After^an example has been-show.ri 
on the baard, it should als^b be shown on an^abacus. 



2 tens and 3 ort'es 



20 + • 3 " = 

A 



23 



, 3 tens and 4 pnes^^ 
30 ^ 



+ 4 



. = -34 



□ 
□ 



..□ . 

a ■ 



J' 



,v ( 2 tens + 3 tens ) Snd ( 3i^\o'nes 4 ones ) 

= ( 2 + 3 ) >tens and': ( 3 4 ) ones « . . 

= 5 tens and 7 ones . 

= 50 ^ ^ + 7 - ' . . A 

_ 1 d jL . I V 



A 



B. ;,The following- illustration demonstrates subtraction: 













r 
1 




v. 






i 












1 






N 
















1 






















1 






















1 
1 






















A. 





' >S,farting set contains . * 

■\ '4^ tens and 5 ones or .40+5 == 45 

^Removed'/set contains 

2 tens and 3cg^nes or 20 +:3' ^ ^ 23 



.Riemaining set^ contains 



.^^ - When l^he. expanded form of. a number is subtracted, use - 
■ : ' " parenthe^s aroar^d the number to;i^^i6w- that hoth^arts are 
K beirig-subtbacted* For/e,;<;ample, !dV '36 r'^2:\ , one can write: 



' 1 



(4 -■ 2) tehs and (5 - 3>* ones., or * 2 tens and 2 ones.' 
(40a- 20)"' . + .(5-3)'- ■ ~-^o ,+ -2 = 22 . 

^\ '/ Have the al^ss suggest ai3Aray to%dd 36 and"' 2 J usltig 

* / ^ y neither tlje'nu^aber line nor sets with -^6. a^d:^^2l ijrrfembers^. 

C ^^'u ^ ^y^^^ ^^'^^ ^^^^ S^f renaming Se^ahd a/ 30 + 6 * 

' *- '^4. " 20 H: I . Then. the Gnfed* and tens can be^.a^jded^separately 

♦ • <A ^^ombined. -'A ^opyeniQnt form tOTe^cord't^ig'.grocess' is: ' 

'\- '30^rf-.6 ^or-. . 36-.- I . " 

\ . +20 I • ^ -3-. 21 .\ . 



/, 



^30 + t ^' 



iiIol±_iL* '- 
I D,. ■Wbfksheei:s._,8e and ;87 e^n-jiojv be. dori^.»= 



Worksheei 86 

Ufllt 13 Name* 



Tmd the sums aod differences. ' Usb the number line 
\i you need it. . " . / 





35 


60 f 7' 


^ 67 


10 +^2 


+ 12 • 


+ 20+1 


+ 2! 


: ^ 40 + 7* 


47 ' 


80+^ 8 


88 


.« .80 + 7 


'87 


. 50 + 5 


55 ' 


' - r20.+ 2) 


V 22 


+ •40; +: 2 * 


" + 42 


; 6.0't;5 : 


* 


90> 7 


^ 97\ 


60-+ ;3 


63 


50 + 2 . 


52 


~'(40 + i) ' ' 
' 20 +-2/ • 


22 


+ 30 + 0 

80+2 


+ 30 

82 










7i) + 




60 + I ' 


61 . ' 


+10 + 3 ' 


+ ir ' 


- (20 + 1) 


- 21 


80+4 


84 . 


•40 + 6 


40 


0 12 


— 

3 4s 


-H 1 1 — 

5 6^ . 7 


1 . ' > 


V 
























/ 









.Worksheet 87 
Unit 13 ^Narye. 



Do you remenioer Jomo and Xanana? dn their t^lp in 
Africa they counted the storks they saw. \ ) 



The^flrst v/eek Jomo saw 23 storks. 
The second week'jomo saw 22 storks. 



In the two weeks hje saw 



45 



Storks. 




The first week Tanana saw 20 storks. 
The second week Tanana saw , 14 storks. 

In the two weeks she saw 



34 



storks. 



How many more storks did Jomo see? 



ERIC 



\ r 133 



